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CONVERSION FACTORS

[SI = International System ofunits, a modernized metric system ofmeasurement]

Factorsfor converting SI metric units to inch/pound units
Multiply BY To obtain

micrometer (pm)

millimeter (mm)

meter (m)

kilometer (km)

milliliter (mL)

liter(L)

liter

microgram (pg)

milligram (mg)

gram (g)
kilogram (kg)

square kilometers (km2)

hectares (ha)

square kilometers (km2)

square meters (m2)

grams per cubic centimeter (g/cm3)

degrees Celsius (“C)

micrograms per liter (pg/L)

milligrams per liter (mg/L)

micrograms per gram @g/g)

Length

0.00003937

0.03937

3.28 I

0.62 I
Volume

0.001057

1.057

0.2642
Mass

0.00000003527

0.00003527

0.03527

35.27
Area

0.3861

2.471

247. IO5

I0,000
Density

0.5780

Temperature

(9
Concentration, in Water

I
I

Concentration, in Sediment

I

inch (in)

inch

foot (ft)

mile (mi)

quart (qt)
quart

gallon (gal)

ounce

ounce

ounce

ounce

square miles (mi2)

acres (ac)

acres (ac)

hectares (ha)

ounces per cubic inch (oz/in3)

degrees Fahrenheit (“F)

parts per billion (ppb)

parts per million (ppm)

parts per million (ppm)

a Temperature OF = I .8 (Temperature “C) + 32

Sea level: In this report "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929j-a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



GLOSSARY, INCLUDING SITE ACRONYMS, SYMBOLS, AND ABBREVIATIONS

BOULM
BSODA
CALFM
CANTM
CLRAS
CLRZB
COPEG
COPEM
FISHA
FISHB
FISHP
INLET
LAKEM
LEMlG
LEMlT
LEM2B
LEM2FF
LITGL
LTBLK
LTWLF
MOTTB
NUAPC
NUBWC
NURCR
NURCM
NUSTM
NUGLD
PANTM
ROCKM
SEEPS
SODAT
STEABB
STEAM
SUSNM
TOKET
TOKLKI
WRCRM

%

OC

pm3
pm3/cm2

cells/cm*

ft3/s

mglkg

mg/L
mglm*

clgk
mi*

mL

Site Acronyms

Boulder Creek near mouth
North Umpqua River below Soda Springs Powerhouse
Calf Creek near mouth
Canton Creek near mouth
Clearwater River above Stump Lake
Clearwater River above Toketee Lake
North Umpqua River above Copeland Creek
Copeland Creek near mouth
Fish Creek above Fish Creek Diversion
Fish Creek at mouth
Fish pond below Soda Springs Reservoir
North Umpqua River above Lemolo Lake near Inlet Campground
Lake Creek above Lemolo Lake
North Umpqua River below Lemolo Lake
Top of Lemolo 1 bypass reach
North Umpqua River above Lemolo No. 2 Powerhouse
North Umpqua River below Lemolo No. 2 Powerhouse.
Little River near Glide
Little River above Black Creek
Little River at Wolf Creek Job Center
North Umpqua River at Mott Bridge
North Umpqua River at Apple Creek
North Umpqua River below Steamboat Creek
North Umpqua River above Rock Creek
Water-quality monitor on North Umpqua River above Rock Creek
North Umpqua River near Steamboat
North Umpqua River near Glide
Panther Creek near mouth
Rock Creek near mouth
Seep at left bank below Soda Springs Reservoir
North Umpqua River below Soda Springs
Steamboat Creek above Big Bend Creek
Steamboat Creek at gage
Susan Creek near mouth
North Umpqua River below Toketee Lake
North Umpqua River above Toketee Lake
Wright Creek near mouth

Symbols, Abbreviations, and Terms

Percent.

Degree Celsius.

Cubic micrometers
Cubic micrometers per square centimeter, a measure of algal biovolume.

Cells per square centimeter, a measure of cell density.

Cubic feet per second, measure of streamflow.

Milligrams per kilogram of sediment, or parts per million.

Milligrams per liter of water, or parts per million.

Milligrams per square meter.

Micrograms per liter of water, or parts per billion.

Square miles.

Milliliter, or 10m3  liters.
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Symbols, Abbreviations, and TermsContinued

Micrometer, or 10- 6   meters.

Characterized by the absence of life or living resources.

An increase by natural growth or by gradual external addition.

Adaptive Management Area-          An   AMA is designed to develop and test new management approaches to
integrate and achieve ecological, economic, and other social and community objectives in forested areas.

Ash-free dry mass, a measure of the organic content of a biological sample.

A rapid increase in the amount of algae in a specified water body.

The grouping of different species of algae in a water body.

The rate of assimilation or growth of an algal community.

Breaking off and downstream transport of mats of attached algae, from internal (autogenic) or external
(scour) causes.

A measure of the capacity of water to react with and neutralize an acid.

Algae that occur primarily at pH values near or higher than 7.

Derived from external sources, originating elsewhere.

Background or prevailing water quality.

Fish species that are born in freshwaters, spend part of their adult life in marine waters, and return to
freshwaters to spawn.

See “periphyton.”

Groups of species which share a resource in a community and have similar ecological tolerances,
requirements, or abilities.

Derived from internal sources, originating in place.

Cells at or near the base or interior of an algal mat.

Soils or sediment located at the bottom of a water body.

Referring to organisms living on or near the bottom of a water body.

Mats of algae attached to the streambed or particles resting on the streambed.

The ion HC03-,  which is an intermediary in the dissociation of carbonic acid (H,CO,).  Bicarbonate is
critical in both photosynthetic pathways and reactions of minerals contributing to alkalinity.

The total mass of organisms occupying a given trophic level or defined area.

The total volume of organisms occupying a given trophic level or defined area.

Bureau of Land Management

A group of unicellular, colonial, or tilamentous prokaryotic organisms that contain no nuclear membrane
but do contain chlorophyll or other pigments. They resemble bacteria more than algae.

A formerly natural stream channel below an impoundment into which a minimum amount of water flows
as specified by permit. The remaining water that is discharged from the impoundment is carried by
diversion and canal to a power generating facility.

Canonical Correspondence Analysis, a quantitative statistical technique that allows for evaluation and
testing of significance of relations between environmental variables and species.

The classification of the physical features of a stream channel.

A family of macroinvertebrates of the order Diptera (flies) that live in streams for part of their life cycle.

A green pigment in plants and algae that absorbs light and is important in photosynthesis.

Carbon dioxide.

Groupings of algae that occur primarily at water temperatures below 15 degrees Celsius.

Microparticles, or macromolecules, that are small enough to move primarily by random motion (as opposed
to gravitational settling), but are large enough to provide a microscopic environment into or onto which
molecules of interest can escape an aqueous solution.

Existing or growing in a group or cluster.

VIII

pm
abiotic

accretion

AMA

AFDM

algal bloom

algal community

algal production

algal sloughing

alkalinity

alkaliphilic (algal) taxa

allochthonous

ambient water quality

anadromous fish

attached algae

autecological guilds

autochthonous

basal cells

bed sediment

benthic

benthic algal mats

bicarbonate

biomass

biovolume

BLM

blue-green algae

bypass reach

CCA

channel morphology

chironomids

chlorophyll a

co2

cold-water (algae) taxa

colloids

colonial



Symbols, Abbreviations, and Terms--Continued

Coarse-grained particulate organic matter.

Dead microscopic organic matter.

Unicellular, filamentous, or colonial algae with cell walls that are made out of silica and that may be highly
sculpted.

The shell of a diatom.

Involving or encompassing a 24-hour period.

Streamflow rate, usually given in cubic feet per second.

Dissolved oxygen.

Dissolved organic carbon.

Dissolved organic matter.

A measure of the amount of tine material covering rock substrates in a streambed, given in percent.

Living inside another organism, and providing a mutually beneficial relationship.

The surface layer in a stratified water body.

A plant that grows nonparasitically on the exterior of another living organism.

Of or belonging to the diatom family Epithemiaceae, and which are relatively large and which frequently
contain endosymbiotic, nitrogen fixing structures.

A grouping of algae that occur primarily in waters with high nutrient or organic content.

The state of a water body being overly enriched by plant nutrients, especially nitrogen and phosphorus.

Equal-Width Increment.

Capable of taking advantage of differing environmental conditions.

Federal Energy Regulatory Commission.

Growing or existing in elongated strands.

The utilization of elemental nitrogen (Nz)  from air or aqueous phases.

A location sampled on a regular or semiregular basis.

Pertaining to or derived from the physical action of rivers.

A water body constructed specifically to provide a steady source of water to a power generating facility.
Used in this report to refer to off-channel water bodies.

Fine-grained particulate organic matter.

A stretch of river that has no water diverted from the main channel.

A class of mollusks whose freshwater members include principally snails and limpets.

Gas Chromatography / Mass Spectroscopy.

1 -liter amber glass bottle.

Glass-fiber filter.

A calm stretch of shallow water flowing smoothly.

Referring to measurement of a desired constituent by combustion or drying and weighing.

An animal that forages on plants. In this report the term generally refers to aquatic macroinvertebrates that
consume attached algae.

Algae belonging to the plant division Chlorophyta. They generally must obtain nutrients (nitrogen and
phosphorus) from dissolved, inorganic forms.

A grouping of species sharing a similar ecological niche.

Eating only plant material.

A specialized cell with thick, clear walls that occurs in some blue-green algae and that contains an enzyme
required for fixing atmospheric nitrogen.

Organisms that use organic compounds as sources of energy and nourishment.

IX

CPOM

detritus

diatom

diatom frustule

die1

discharge

DO

DOC

DOM

embeddedness

endosymbiotic

epilimnion

epiphyte

epithemiacean

eutrophic taxa

eutrophic

EWI

facultative

FERC

filamentous

fixation

fixed site

fluvial

forebay

FPOM

full-flow reach

gastropod

GC/MS

GCC bottle

GF/F

glide

gravimetric

grazer

green algae

guild

herbivorous

heterocyst

heterotrophs



Symbols, Abbreviations, and Terms-Continued

Obtaining energy by consumption or incorporation of organic materials.

High Performance Liquid Chromatography.

The average amount of time a unit of water is expected to spend in a given water body.

Of or pertaining to the study or movement of water and its interaction with its surroundings.

A structure or series of structures that generate electricity from the movement of water.

A layer of water at the bottom of a stratified water body such as a lake or reservoir.

A zone in the subsurface area near and under a stream that has a close hydrologic connection with stream
waters.

A water body created by the obstruction of flow in a stream or canal

Pertaining to or composed of chemical compounds that do not contain carbon as the principal element; that
is, matter other than plant or animal.

The contribution to water of nutrients derived from in-lake or in-sediment processes,

One of two or more atoms having the same atomic number but different mass number.

Readily changed, as by heat, oxidation, or other processes. Capable of reacting.

Of or pertaining to stationary water.

Control of growth by a particular physical element or chemical that is in short supply.

Mesh bags filled with leaf material and other organic debris that can be placed in streams to experimentally
assess macroinvertebrate colonization.

The mass of a particular constituent transported by a given location over a specified time.

Of or pertaining to flowing water.

Large woody debris.

Animals having no skeleton, generally in water, that are visible without visual aid.

The state of a water body being moderately enriched by plant nutrients.

All the chemical reactions that take place within a living organism and that require energy.

See “chironomids.”

The amount of water, specified by permit or license, that is necessary to be maintained in a stream channel
for the benefit of aquatic biota.

Minimum reporting level, the lowest concentration of a constituent that may be reliably reported using a
given analytical method.

Composed of a thick, sticky material.

Analysis of multiple variables that together have many dimensions.

Nitrogen to phosphorus ratio, an index that can indicate potential nutrient limitation.

Undisturbed water taken from or found in the environment at a given location.

USGS National Water-Quality Assessment Program.

Dissolved ammonium nitrogen. Used in this report to indicate nitrogen as either ammonium or ammonia
(NH&  regardless of pH.

The biological conversion of ammonia or ammonium to nitrate.

A group of algae that are capable of utilizing elemental nitrogen (Nz)  as a nitrogen source.

A species that is capable of utilizing organic matter as a nitrogen source.

Dissolved nitrite nitrogen.

Dissolved nitrate nitrogen.

Coming from diffuse sources that cannot be easily defined.

heterotrophic

HPLC

hydraulic residence time

hydrologic

hydroproject

hypolimnion

hyporheic zone

impoundment

inorganic

internal loading

isotopes

labile

lentic

limitation

liter bags

load

lotic

LWD

macroinvertebrate

mesotrophic

metabolism

midge

minimum instream flow

MRL

mucilaginous

multivariate analysis

N:P ratio

native water

NAWQA

NH,+

nitrification

nitrogen fixing taxa

nitrogen heterotroph

NO,‘-

NO,-

nonpoint

X



Symbols, Abbreviations, and Terms--Continued

Organic and inorganic chemicals necessary for the growth and reproduction of organisms. In general, the
term is used to refer to nitrogen or phosphorus, but it may refer to other chemicals as well.

Controlling growth or reproduction of an organism by its requirement for nutrients.

The use and reuse of nutrients in water, typically at a rapid pace and within a small area.

The transport and recycling of nutrients through water and the various members of an aquatic food web.

The consumption of nutrients from the water column by aquatic organisms.

The USGS National Water-Quality Laboratory in Arvada, Colorado

The USGS Oregon District Laboratory.

The state of a water body being minimally enriched by plant nutrients.

Algae that require low concentrations of nutrients and are intolerant of high concentrations.

Polychlorinated biphenyl organic compounds.

A closed conduit that carries water from intake to turbine in a hydroelectric system.

An assemblage of attached aquatic organisms including bacteria, algae, fungi, and protozoans.

A measure of the acidity of a solution. Calculated as -log(concentration of H+ ion).

The growth and maintenance of living cells  of organic compounds using light energy.

Organisms capable of using light as an energy source.

Algae that are free floating (as opposed to attached) in a water body.

Orthophosphate phosphorus, the predominant form of dissolved phosphorus (filtered).

A building containing the turbines for power generation in a hydroelectric system.

The conversion of nutrients and light into organic tissue by photosynthesis.

A specified section of river.

The process of entrainment of air and its gases (nitrogen, oxygen, and carbon dioxide) into water in
response to a physical or biological driving force.

The movement of water from surface systems to ground-water systems.

A statistically derived time period within which a given event is expected to happen once.

See “nutrient recycling.”

The process of conversion of organic forms of compounds into their inorganic components.

A natural or artificial lake used for water storage for industrial and domestic purposes.

The biological process of converting organic matter into carbon dioxide and water with the release of
energy. The reverse process of photosynthesis.

See “hydraulic residence time.”

The number of different species of a given taxonomic level in a biological sample.

Pertaining to land bordering a water body.

River mile.

Richest Targeted Habitat, a specific habitat type (pool, riffle, glide, or run) that is expected to provide the
greatest algal species richness. In the North Umpqua River, the RTH was riffle-habitats.

The state in which a compound or element is dissolved in an equilibrium amount.

Section of the Clean Water Act requiring management plans for water-quality limited streams.

The process of decaying or dying.

A computer model used for predicting water temperature.

Suspended organic carbon.

Soluble reactive phosphorus, or filtered and undigested phosphorus, most of which is composed of POd3-
but which may contain dissolved polyphosphates or other forms.

Variation over a geographic area.
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nutrients

nutrient limiting

nutrient recycling

nutrient spiraling

nutrient uptake

NWQL

ODL

oligotrophic

oligotrophic (algal) taxa

PCB

penstock

periphyton

PH
photosynthesis

phototrophs

phytoplankton

PO,3‘

powerhouse

primary productivity

reach

reaereation

recharge

recurrence intervals

recycling

remineralization

reservoir

respiration

retention time

richness

riparian

RM

RTH

saturation

Section 303(d)

senescence

SNTEMP

sot

SRP

spatial variability



SPE

standing crop

steelhead

STORET

stratify

substrate

succession

synoptic

tailrace

taxon  (plural taxa)

TDN

TDP

TDS

temporal variability

thermocline

TKN

TMDL

TP

triplot diagram

trophic  level

TWINSPAN

unicellular

urea

USEPA

USFS

USGS

vacuole

watershed

WATSTORE

Wild and Scenic reach

Symbols, Abbreviations, and Terms-Continued

Solid phase extraction.

The amount of living matter (biomass) of one or more species present in a given area.

A species of trout that spends part of its adult life in the sea but spawns in freshwater.

Storage and retrieval system, a water quality data base maintained by the USEPA.

To break down or divide into discrete units or layers.

The surface to which an organism is attached or on which it moves.

A change in species from one point in time and space to another.

A type of water-quality sampling that occurs during one short time period to provide a snapshot of
conditions.

A channel for dissipation of energy and carrying water away from a turbine.

Any named taxonometric group, regardless of ranking (for example, genus or variety).

Total dissolved organic plus ammonium nitrogen (filtered, digested).

Total dissolved phosphorus (filtered, digested).

Total dissolved solids.

Variation over time.

An area in a lake or reservoir where temperature changes rapidly with depth.

Total organic plus ammonia nitrogen (unfiltered, digested).

Total Maximum Daily Load, the maximum amount of material a given water body can absorb without
adverse effects.

Total phosphorus (unfiltered, digested).

A visual representation of the results of Canonical Correspondence Analysis.

The nutrient status of a water body, or the level within a food web.

Two Way Indicator Species Analysis program for cluster analysis of multispecies data.

Being composed of just one cell.
A product of protein metabolism that breaks down to ammonium and is found in urine. Commonly used as
fertilizer.

U.S. Environmental Protection Agency.

U.S. Department of Agriculture-Forest  Service.

U.S. Geological Survey.

A fluid filled space inside the cytoplasm, more common in plant cells than animal cells.

A collecting area into which surface water drains, and having one common outlet.

Water storage and retrieval system, a water quality database maintained by the USGS.

A 32-mile section of the main-stem North Umpqua River from Boulder Creek to Rock Creek, below the
hydroelectric project area, that is part of the National Wild and Scenic River system.
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Water-Quality and Algal Conditions in the North Umpqua River
Basin, Oregon, 1992-95, and Implications for Resource
Management

By Chauncey W. Anderson and Kurt D. Carpenter

Abstract

This report describes the results of a synoptic water-
quality and algal investigation during July 1995 at 36
stream sites in a 1,350 square-mile area of the North
Umpqua River Basin, Oregon. The study area includes a
headwaters hydroelectric project area, a Wild and Scenic
reach in the main stem immediately downstream, and the
watersheds of several major tributaries. Additional data
from previous investigations are reviewed, and impacts on
water quality in the Wild and Scenic reach from resource
management, including forestry and reservoir operations,
are inferred where sufficient data exist.

Water-quality standards were occasionally exceeded
for dissolved oxygen and pH, and daily maximum stream
temperatures in the Wild and Scenic reach were higher
than both the 1996 standard for the State of Oregon and the
optimal temperature ranges for many anadromous fish.
Dissolved oxygen in the basin was controlled more by
stream temperature and reaeration than by primary
production. Arsenic concentrations in the river during low
flow (1 ug/L [microgram per liter]) indicate a potential
cancer risk of between 15,000 and 1:20,000  for people
using the river as a source of drinking water and fish for
consumption. Streambed-sediment concentrations of
arsenic, chromium, copper, manganese, and nickel were
approximately double the sediment-quality criteria values
adopted by New York State and by the Ontario Ministry of
the Environment.

High concentrations of phosphorus in bed sediments
indicated that much of the phosphorus observed in the
water column throughout the basin (medians: 32,9, and 50
pg/L in the main stem, tributaries, and hydroelectric
project areas, respectively) could have been geologically
derived. Inorganic and organic nitrogen concentrations in
water were mostly below minimum reporting limits (5 and
200 ug/L, respectively), indicating severe nitrogen
limitation at most locations.

Benthic algal biomass, biovolume, and chlorophyll a
concentrations were highest at the sites directly below
impoundments and at one headwater tributary (medians: 46
grams per square meter, 82 1 million cubic micrometers per
square centimeter, and 126 milligrams per square meter,
respectively), and were also somewhat elevated down-
stream in the Wild and Scenic reach compared with those
in similar streams in the Pacific Northwest. Classification
of the algal taxa indicated that, among all sites sampled,
alkaliphilic taxa, nitrogen fixing taxa, and eutrophic taxa
were the most abundant on the basis of biovolume and
density. Cold-water taxa, facultative nitrogen heterotrophs,
and oligotrophic taxa constituted the remainder of the taxa.
Multivariate analyses indicated that algal communities at
the hydroelectric-project-affected sites were distinct from
communities at sites on the main stem and Steamboat
Creek. At many locations, the river’s algal community
might be compensating for the low nitrogen concentrations
by fixation of atmospheric nitrogen or through hetero-
trophic assimilation of organic nitrogen.

Water quality in the Wild and Scenic reach is
dominated by water released from the hydroelectric project
area during summer. Effects of the hydroelectric project
include seasonal control of streamflow, water temperature,
and phosphorus concentrations, and the possible release
of low but ecologically important concentrations of organic
nitrogen. A review of available data and literature suggests
that the reservoirs can increase the interception of
sediments and large organic debris, and promote their
conversion into fine-grained particulate and dissolved
organic matter for downstream transport. These effects
could be compounded by the effects of forestry in the
basin, including alteration of hydrologic cycles, changes in
sediment and nutrient runoff, reductions of the transport of
large woody debris, and degradation of habitat quality. It is
hypothesized that, in the North Umpqua River, these
processes have induced a fundamental shift in the river’s
food web, from a detritus-based system to a system with a
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higher emphasis on algal production. Confirmation of these
changes and their effects on higher trophic  levels are
needed to properly manage the aquatic resources for all
designated beneficial uses in the basin.

INTRODUCTION

The North Umpqua River, which flows westward from
the Oregon Cascades to its confluence with the South Umpqua
River and ultimately, as the Umpqua River, to the Pacific
Ocean, is known for its scenic beauty, outstanding recreational
opportunities, and importance as a natural resource. Designated
beneficial uses include water for drinking, irrigation, and
livestock; anadromous fish passage, spawning, and rearing;
habitat for resident fish and aquatic life; fishing; water contact
recreation; and hydropower (Oregon Administrative Rules,
Chapter 340, Division 4 1, Rule Number 34&l-282,  1994).
The river basin is also known for its prolific production of timber,
notably douglas fir, Pacific silver fir, shasta  red fir, grand fir,
ponderosa pine, sugar pine, western white pine, incense cedar,
western red cedar, and western hemlock from public as well as
commercial forest lands.

Recent attention on management of these natural resources,
including issues such as threatened or endangered fish species,
timber production, and hydropower generation, has resulted in
increased scrutiny of the water quality in this stream and the
factors influencing  water quality. Whereas stream temperatures
in the basin have been studied intensively by the U.S. Forest
Service, the Bureau of Land Management (BLM), academia, and
fishermen’s groups, other water-quality aspects had been largely
neglected until the late 1980’s. A water-quality index used by
the Oregon Department of Environmental Quality indicates a
slight decline in water quality, near the mouth of the river at
Winchester, during the 1 l-year period from 1984 through
1994, most likely as a result of increases in biochemical
oxygen demand (BOD), total phosphate, and bacteria counts
in nonpoint-source pollution of undetermined origin (Curtis
Cude, Oregon Department of Environmental Quality, WWW
page <http://www.deq.state.or.us/lab/wqmlwqi/umpqua/
umpqua4.htm>,  accessed March 26, 1998). Although resident
trout populations in the basin are considered stable, there is
concern for anadromous fish runs, including summer and winter
steelhead, spring and fall chinook salmon, and coho salmon,
largely because hatchery programs may be masking or
contributing to declines in the populations of wild-fish stocks.
Despite the relatively stable populations of coho salmon in the
North Umpqua River Basin, their decline in other coastal
watersheds prompted the National Marine Fisheries Service to
propose listing coastal coho populations, including those in the
North Umpqua River Basin, as “Threatened” under the Federal
Endangered Species Act in 1996. The National Marine Fisheries
Service also proposed listing North Umpqua River cutthroat
trout, both anadromous and resident populations, as Threatened.
Pacific Lamprey are listed as “Sensitive” by the State of Oregon
and may be candidates for listing as Threatened at some point in
the future (Marshal1 and others, 1996).

Background

In the Pacific Northwest, many hydroelectric facilities’
licenses, which are administered by the Federal Energy
Regulatory Commission (FERC), will expire by the year 2000.
In the North Umpqua River Basin. the 50-year license for the
hydroelectric project in the headwaters (pl. 1) expired in January
1997. As part of the relicensing process, the current project
operator, PacifiCorp, conducted a series of technical studies,
including water-quality stu ies from 1992 through 1994 in
impoundments and streams encompassed by the hydroelectric
project (PacifiCorp,  1994a; PacifiCorp, 1994b;  PacifiCorp,
1995a,  volumes 142)

Although data collected by PacifiCorp were useful as an
initial assessment of the water quality within the hydroelectric
project area (hereafter referred to as “the hydroproject area”) few
data were available to describe conditions in the river down-
stream. At the request of the U.S. Forest Service, data were
collected by the U.S. Geological Survey (USGS), beginning in
1993, at two downstream sites in order to provide baseline,
reconnaissance-level information regarding general water-quality
conditions in the Wild and Scenic reach of North Umpqua River.

Initial findings from the studies conducted by the USGS,
PacifiCorp, and the U.S. Forest Service (Powell, 1995) indicated
that issues related to potential eutrophication (including nutri-
ents, benthic algae, and their effects on dissolved oxygen, pH,
and the benthic community) were of the most immediate con-
cern. Furthermore, the degree to which these issues are affected
by resource-management activities in the basin needed to be
understood to more effectively manage the basin for all of the
designated beneficial uses.

On the basis of results of the initial investigations, the
USGS, in cooperation with Douglas County and with input
and coordination from the U.S. Forest Service and PacifiCorp,
conducted a study of nutrients, algae, dissolved oxygen (DO),
and pH in the North Umpqua River Basin in July 1995. The study
area included the main stem of the river and its tributaries along
the Wild and Scenic reach downstream from the hydroproject
area as well as several sites within the hydroproject area and
within the adjacent Little River watershed (pl. I). Also included
were parts of the Steamboat Creek watershed, which contributes
a large proportion of the flow to the Wild and Scenic reach and is
important as spawning habitat for steelhead.

Purpose and Scope

The primary purpose of this report is to provide a descrip-
tion of streamflow, water quality, and algal characteristics in
the North Umpqua River Basin, integrating data from the
hydroproject area and the Wild and Scenic reach, during
low-flow conditions. Major nutrient sources and sinks, and
possible nutrient-limiting conditions derived by mass balancing
streamflows and nutrient loads in the North Umpqua River from
Soda Springs Reservoir to Glide, are identified. Where possible,
relations are drawn among algal conditions, stream chemistry,
and physical components of the river system. A review of
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relevant local water-quality issues associated with algal growth
and resource-management activities is also provided.

The report also describes concentrations of trace elements
and organic compounds in water during low- and high-flow
periods and in streambed sediment during low-flow periods,
in samples collected from 1993 through 1995,  and presents
assessments of water quality relative to State of Oregon standards
and guidelines for DO, pH, water temperature, chlorophyll a,
trace elements, and organic compounds.

Finally, the report contains an assessment of the suitability
of existing data to answer questions regarding the effects that
activities such as forest management and hydropower generation
have on water quality and algae. A conceptual model of potential
effects from these land uses is proposed and, on the basis of an
analysis of gaps in the existing data, recommendations are made
for possible future studies on issues of concern within the basin.

Data used in this report were drawn from a variety of
sources, but primarily from a synoptic survey in July 1995 by the
USGS and PacifiCorp. The USGS and PacifiCorp have collected
additional data in the basin from 1991 through 1995, including
data from a monitor upstream from Rock Creek, which measured
stream temperature, DO, pH, and specific conductance hourly,
during 1993-95, and water and bed-sediment data collected at
two main-stem sites (referred to herein as “fixed” sites) located
upstream from Rock Creek and at Wright Creek during 1993-95.
These data are used for reference purposes or to augment the
analysis of synoptic survey results.

Relevant findings from PacifiCorp’s  monitoring program in
streams, impoundments, and forebays during 1992-94
(PacifiCorp, 1995a,  volumes 1-4)  and results of stream surveys
in the Little River watershed (Powell, 1995; U.S. Forest Service
and Bureau of Land Management, 1995) are reviewed in light of
data collected during the synoptic survey in July 1995 and are
used to augment the available data. Nutrient data collected by
PacifiCorp during July 1995, which were previously reported
(PacifiCorp, 1995b),  are also given here, in Appendix D, for
ease of comparison with USGS data. Data and findings from
an ongoing watershed analysis in the North Umpqua River Basin,
including the Wild and Scenic reach and the hydroproject area
(PacifiCorp, 1997) were considered beyond the scope of this
report because of their draft nature.

Study Area

The North Umpqua River Basin, which covers approxi-
mately 1,350 square miles (mi2),  is located within the Umpqua
River Basin in western Oregon (pl. 1). The area considered for
this report is from the headwaters to the town of Glide, an area of
approximately 1,209 mi2.  For the purposes of this report, the
study area is divided into four major sections: (1) the hydro-
project area, (2) the Wild and Scenic reach and beyond to Glide,
(3) the Steamboat Creek Basin, and (4) the Little River water-
shed. The study area includes primarily three distinct geologic
units, which, together with the elevation and weather, exert
important influences on the hydrologic regime and chemistry of
the river and its tributaries.

Climate

The climate of the basin is typical of the temperate, maritime
regime of the western Cascade Range and is characterized by
cool, wet winters and warm, dry summers. The snow level
during the winter is generally between 3,000 and 5,000 feet
above sea level, and 80 percent (%)  of the annual precipitation
falls between October 1 and March 1 (PacifiCorp, 1995a.  volume
3) as either rain or snow. Approximately 20% of the basin lies
above 5,000 feet. By contrast, only about 3% of the adjacent
South Umpqua River Basin lies above 5,000 feet (Rinella, 1986).

As a result of the high elevations in the headwaters of the
North Umpqua River Basin, a principal driving force for the
hydrologic budget is snowmelt. Because much of the upper part
of the basin (upstream from Soda Springs Reservoir) receives
substantial winter snowfalls, and because ground-water inputs
are large, flows from streams originating within the hydroproject
area tend to be relatively evenly distributed throughout the year.
In contrast, streams such as Steamboat Creek and the Little River,
which originate at lower elevations, are more dominated by
winter rainfall runoff and summer low flows (see fig. 1). This
latter pattern is typical of the flow patterns in the South Umpqua
River Basin, where many streams have excessive algal growth
and associated water-quality problems during summer low-flow
periods (Tanner and Anderson, 1996).

Geology

The North Umpqua River Basin straddles three major
physiographic provinces: the High Cascades, the Western
Cascades, and the Klamath Mountains (McKee, 1972;
PacifiCorp, 1995a,  volume 3). The upper part of the hydroproject
area, from approximately Fish Creek on the southwestern edge to
just upgradient of the Lemolo No. 2 powerhouse and including
the Lemolo No. 1 and Clearwater No. 1 power generating
developments, is located within the High Cascades. The
Quatemary-Tertiary rocks of the province range from 0 to 3,000
feet in thickness, and comprise andesite, basalt, pyroclastic rock,
and other flow material. The pyroclastic rocks include ash and
pumice from the eruption of Mount Mazama, resulting in
variable but often high permeability and areas of locally high
recharge. Yields from wells in these rocks have been reported to
be as high as 300 gallons per minute, and discharges from springs
issuing from the unit are frequently large. Ground- and
surface-water drainage basins in this area do not always coincide
(McFarland, 1983). As a result of this geological structure,
streams originating in the upper portions of the hydroproject area
tend to have a large component of ground water throughout much
of the year. Soils in the High Cascades are relatively stable and
retain nutrients (especially phosphorus) poorly; most nutrients
are within the upper 4 to 8 inches of soil (PacifiCorp, 1995a,
volume 3).

The Tertiary volcanic rocks of the Western Cascades
can be up to 15,000 feet thick and include andesite, basalt,
conglomerated and agglomerated pyroclastic flow material, and
tuff. Recharge and well yields are generally low (McFarland,
1983). Soils here are derived from volcanic rock, which tends to
be high in nutrient content, particularly phosphorus (Dillon and
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Kirchner, 1975),  and the potential for landslides is typically high
on the steep slopes (PacifiCorp, 1995a,  volume 3). The Western
Cascades province includes most of the hydroproject develop-
ments (Lemolo No. 2, Toketee, Clearwater No. 2, Fish Creek,
Slide Creek, and Soda Springs), the main stem North Umpqua
River downstream to Glide (including the Wild and Scenic
reach), the Steamboat Creek Basin, and most of the Little River
watershed

Within the study area, the rocks of the Klamath Mountains
are found only in the Little River watershed, comprising approxi-
mately 11% of that watershed primarily at low elevations.
Exposed rocks include granitic and sedimentary rocks, metamor-
phic volcanic and sedimentary rocks (composed of altered sub-
marine volcanic flows, tuffs, flow-breccia, and agglomerates),
and ultramafic rocks (composed of large masses of peridotite and
dunite altered to serpentinite) (McFarland, 1983; U.S. Forest Ser-
vice and Bureau of Land Management, 1995). Landslide poten-
tial in the granitic terrain of the Klamath Mountains is among the
highest of any geologic unit within the Little River watershed
(U.S. Forest Service and Bureau of Land Management, 1995).
Permeability and recharge of the Klamath Mountain rocks are
typically low, and well yields tend to be less than 10 gallons per
minute (McFarland, 1983). Little information is available con-
cerning the nutrient content of the soils or their tendency to
export nutrients.

Hydroproject Area

The hydroproject area extends from the powerhouse at Soda
Springs Reservoir (RM [river mile] 69.7) to the mouth of Lake
Creek (RM 94.6) , 10 miles downstream of Diamond Lake (RM
104.6) and to the North Umpqua River at RM 94.8 (Inlet
Campground). The area also includes sections of the Clearwater
River and Fish Creek (pl. 1). Constructed between 1947 and
1956, the hydroproject consists of eight developments that are
used for generating electricity, 37.3 miles of waterways (canals
and river channels) and penstocks. The total watershed area
upstream from the dam at Soda Springs Reservoir is 470 mi2
(PacifiCorp, 1995a, volume 3). Water-quality characteristics of
Diamond Lake are described below because the lake contributes
water and nutrients directly to the hydroproject area, however it
is not a power generating facility and so is technically outside of
the hydroproject area.

Flow patterns within the hydroproject area are complex. A
schematic diagram (fig. 2) illustrates the highly engineered
nature of streamflow upstream of Soda Springs. The intricacies
of the flow patterns have been described in greater detail by
PacifiCorp (1995a,  volumes 2 and 3). Aspects of the flow pattern
that are relevant to water quality within and downstream of the
hydroproject area are summarized below and in table 1. Although
daily flow records are kept by PacifiCorp for the bypass reaches
and canals, continuous discharge data are available for only three
sites in the hydroproject area. In most cases, the discharges
indicated in table 1 are maximum design capacities; however, it
is unlikely that they are achieved on a consistent basis. Similarly,
the instream flow releases indicated in 1 are minimum flows for
the natural stream channels that are included in the FERC
operating permit. In most cases these flows are exceeded at the

downstream ends of reaches because of accretion or tributary
inflows.

With the exception of Lemolo Lake, which is drawn down
during fall and winter to allow for flood storage, the reservoir
system does not have a significant flood-control function.
Retention times (calculated as the ratio of pool volume to outflow

rate) in the reservoirs and forebays are relatively short, ranging
from less than an hour at Slide Creek to 22 days at Lemolo Lake
during summer (table 1). Nonetheless, the impoundments within
the hydroproject area are the principle mechanisms controlling
flow in the Wild and Scenic reach downstream of Soda Springs
reservoir, particularly during the summer low-flow period.

Diamond Lake, which at over 3,000 acres is by far the
largest water body in the study area (pl. 1, table l), is a natural
lake that is heavily used for recreation. The lake is classified as
“eutrophic-polluted” and commonly experiences spring and
summer blooms of diatoms and blue-green algae (Oregon
Department of Environmental Quality, 1996). The lake is
expected to remain in this condition for the foreseeable future,
despite the diversion in 197 1 of sewage from public recreation
and fish cleaning facilities, because of the large amount of
internal loading that contributes nutrients to the lake (Salinas and
Larson, 1995). Lake Creek, the outflow from Diamond Lake,
enters Lemolo Lake approximately 10 miles downstream. A
sewage lagoon, built to handle the sewage diverted from
Diamond Lake, discharges into Lake Creek well upstream of the
mouth at Lemolo Lake. Lake Creek contributes approximately 30
to 50 cubic feet per second (ft3/s)  of discharge to Lemolo Lake
during the summer and has an annual mean flow of
approximately 57 ft3/s (Moffatt and others, 1990).

Lemolo Lake is the second-largest water body in the study
area (approximately 400 acres) and the largest man-made
impoundment. The North Umpqua River usually provides in
excess of 290 ft3/s inflow to Lemolo Lake during the summer
months (PacifiCorp, 1995a,  volume 3). Like Diamond Lake,
Lemolo Lake is heavily used for recreation such as boating,
fishing, swimming, and camping during the summer, and it
experiences moderate summer algal blooms (Anabaena  spp.).
Retention times for water in the lake may increase from 15 to 22
days during low-flow periods in the summer (PacifiCorp, 1995a,
volume 2 1). The lake is generally classified as mesotrophic but
can at times be classified eutrophic on the basis of chlorophyll a
concentrations and pH, which sometimes exceeds the State of
Oregon standard of 8.5 during algal blooms (PacifiCorp, 1995a,
volume 2 1; Oregon Department of Environmental Quality,
1996). On occasion, pH higher than 9.0 has been recorded
(Bonoff and others, 1996),  and chlorophyll a has reached over 30
pg/L (micrograms per liter). Although Lemolo Lake stratifies
thermally during the summer, the DO concentration has not been
documented to be significantly depleted in the hypolimnion
(PacifiCorp, 1995a,  volume 2 1; Rinella, 1979; Johnson and
others, 1985). The DO profile does, however, respond to summer
algal blooms, with maximum concentrations often occurring in
the thermocline (PacifiCorp, 1995a,  volume 2 1; Bonoff and
others, 1996).

The reach of the upper North Umpqua River below Lemolo
Lake to Toketee Lake, and several reaches within the Clearwater
and Fish Creek Basins have all been significantly altered from
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their predevelopment hydrological states. Due to the diversion
of a large proportion of flow for power generation, the original
stream channels do not experience the same magnitude or timing
of flows as they did prior to the construction of the hydroelectric
facilities, and flows in the bypass reaches (previous natural
stream channels) tend to be more stable than before regulation.
In addition, the construction of diversion dams, canals, and
forebays that divert water to power generation has created new
and different types of aquatic habitats. Several aspects of water-
quality and biological processes, such as nutrient processing and
food-web dynamics, can change according to hydrological
conditions and may be affected by these manipulations.

Water is withdrawn from Lemolo Lake at depths of 6 1 feet
(at full pool elevation, table 1) for power generation and 100 feet
for instream flow releases. Two series of canals, bypass reaches,
and powerhouses transmit this and inflowing tributary water from
Lemolo Lake to Toketee Lake. Return flow from the Lemolo No.
2 powerhouse enters the North Umpqua River 0.9 miles upstream
from Toketee Lake. Although this short reach is characterized as
a full-flow reach of the river, daily flows may vary by 400 ft3/s
on roughly one-half of the days. This is in response to power
generation to meet energy system demands at the Lemolo No. 2
powerhouse, often resulting in relatively low flows during
nighttime and on weekends and relatively high flows during
daytime (PacifiCorp, 1995a,  volume 3). The Lemolo No. 2
forebay,  which holds water in preparation for power generation,
is essentially a pond that itself is subject to water-quality
concerns such as elevated pH (>8.5 units), decreased DO
(~90%  saturation), and both phytoplankton (floating algae)
and periphyton (attached algae). Algal blooms and periphytic
algae growing in the canal have been responsible for exceedances
of the State standards for DO and pH that have occurred
occasionally in the forebay, primarily during the 2-week annual
maintenance period when canal flows were low (PacifiCorp,
1995a,  volume 2 1). Water levels within the forebay may fluctuate
up to 7 feet per day, as flow through the powerhouse changes to
meet energy demands (table 1). The forebay also has the highest
rate of trout growth in the hydroproject area, even supporting a
recreational fishery (PacifiCorp, 1995a,  volume 4),  a fact which
underlines the need to maintain State standards for DO, pH, and
water temperature within the forebay.

The upper North Umpqua and Clearwater Rivers converge at
Toketee Lake (fig. 2). With a high volume outfIow to the Toketee
Lake powerhouse, the lake has a retention time of only 618
hours (table 1). Because of the short retention time, the lake-
generally classified as oligotrophic-typically does not stratify
thermally (PacifiCorp, 1995a. volume 21). However, there is an
indication of incomplete horizontal mixing in Toketee Lake: cool
water from the Clearwater River inflow apparently tends to
circulate preferentially along the southern shore of the lake in the
vicinity of the lake’s spillway and enter the Toketee bypass reach.
In contrast, water exiting the lake for power generation through
the diversion structure probably originates as warmer water from
the upstream end of the lake and derives largely from the upper
North Umpqua River (PacitiCorp, 1995a,  volume 2 1). This short
circuiting has additional implications for water quality in the
river below Toketee Lake, because the Clearwater River often
has phosphorus concentrations that are relatively high compared

to other streams in the North Umpqua River Basin. Indeed, heavy
periphytic algal growths have been noted below the Clearwater
No. 2 powerhouse and in the bypass reach immediately
downstream of the Toketee Lake dam.

One possible nutrient point source exists in the hydroproject
area, and it may influence nutrient concentrations in and below
Tokctee Lake. Written correspondence between the U.S. Forest
Service and PacifiCorp  in I97 I (Dallas Hughes, U.S.Forest Ser-
vice Memo to Pacific Power and Light, written commun., 197 1)
indicated that there was historically an input of sewage leaching
from the U.S. Forest Service’s Toketee Ranger Station and hous-
ing complexes beside the lake operated by PacifiCorp. Abundant
algal blooms in Toketee Lake at the time were attributed to
eutrophication by nutrients in this sewage. Although some of the
sewage systems at Toketee have apparently been replaced since
197 1, the extent of the cleanup of the old system is unknown;
some of the housing units above the reservoir (and above a seep
having greater than I milligram per liter of nitrate-nitrogen) are
still on original systems, and no comprehensive review or resam-
pling of the original seeps has been performed (Mikcal Jones,
U.S. Forest Service, written commun., 1997).

The Clearwater River Basin, which has a significant
ground-water component in its upper reaches, includes one small
man-made lake (Stump Lake) and two power diversions that pass
water through the Clearwater No. 1 and No. 2 forebays. Mini-
mum flow releases are 5 ft3/s for each of the instream reaches,
with accretion adding an additional 6(r-80  ft3/s to the Clearwater
No. 2 bypass reach during summer low flow (PacifiCorp, 1995a,
volume 3). The outtlow channel directly below Stump Lake
(Clearwater No. 1 bypass reach) is at times covered with long
strands of filamentous periphytic algae (The Register Guard,
Eugene, Oregon, June 28, 1994, p. 1 D). Concentrations of DO
below the State standard have occasionally been noted through-
out the Clearwater River Basin, both within the bypass reaches
and natural stream channels as well as the forebays  (PacifiCorp,
1995a,  volume 2 1).

The return flow from the Toketee Lake powerhouse enters
the North Umpqua River just upstream of Slide Creek Reservoir,
a small impoundment that also serves as the outfIow location for
the Fish Creek powerhouse (fig. 2). Water from the Fish Creek
bypass reach (30 to 60 ft3/s during summer) enters the river
through its natural channel downstream of the Slide Creek Reser-
voir, as does Slide Creek itself. With the addition of water from
the Fish Creek. bypass reach, and the return flow from the Slide
Creek powerhouse, the river essentially attains the full volume
that eventually enters the Wild and Scenic reach downstream.
The only additional water sources are Medicine Creek, Slide
Creek. and Soda Springs, which contribute less than 5 ft3/s dur-
ing summer.

Soda Springs Reservoir is the lowermost reservoir in
the hydroproject, and its outflow through the Soda Springs
powerhouse is the primary source of water for the Wild and
Scenic reach, particularly during the summer. The reservoir is the
third largest man-made impoundment within the hydroproject
area, and it occasionally experiences phytoplankton blooms.
Like Toketce Lake, however, the epilimnion of the reservoir is
generally characterized as oligotrophic on the basis of calculated
values of Carlson’s Trophic  State Index (PacifiCorp, 1995a,
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volume 3). Summer discharge from the reservoir, which is mostly
from the deeper parts of the water column (table l), is primarily
through the Soda Springs powerhouse, entering the North
Umpqua River 0.5 miles downstream at an average flow of
approximately 1,150 ft3/s (Moffatt and others, 1990). A fish-
holding facility located between the dam and the powerhouse,
which draws water from the penstock carrying water to the Soda
Springs powerhouse, supplies 7 of the 25 ft3/s released to the
bypass reach during summer. With a maximum design flow of
1,600 ft3/s in the penstock, spills of water over the dam in excess
of 25 ft3/s are much more common in the winter and spring when
peak reservoir releases may commonly exceed 2,000 ft3/s.
Maintenance of the powerhouse and penstocks also can
cause large flow releases through the bypass reach, although
maintenance is typically done in March during periods when
excess water is already being released from the reservoir.

Currently there are no fish passage facilities at the Soda
Springs Dam. The Soda Springs bypass reach is therefore the
farthest upstream in the North Umpqua River that anadromous or
resident fish are able to migrate. There are resident (native and
hatchery) fish populations in streams within the hydroproject
area, but their upstream migration is blocked by natural barriers
as well as the various dams. In its FERC license application,
PacifiCorp is proposing to study the addition of fish passage
facilities to Soda Springs Reservoir to enhance production of
anadromous fish in the reach between Soda Springs Reservoir
and the Slide Creek Dam. No additional fish passage is proposed
upstream of Slide Creek because the habitat is not deemed
suitable for anadromous fish relative to the cost of construction
(PacifiCorp, 1995a,  volume 4).

6.6 miles farther downstream. Although the river is bounded by
relatively steep canyon hillsides, State Highway 138 follows the
course of the river for the entire length of the Wild and Scenic
reach.

Throughout much of the Wild and Scenic reach the river is
characterized by bedrock channels with ledges and deep pools,
interspersed with cobbles and boulders (PacifiCorp, 1995a,
volume 4). This type of riverbed, or substrate, is very stable and
offers a solid surface for attachment by periphytic algae, helping
them resist scour during high-flow periods. Gravel, which is
critical for spawning habitat, tends to provide a less stable base
for attachment by periphytic algae because it is more susceptible
to scour and movement. However, there is little gravel in the
2.2-mile reach between Soda Springs Reservoir and Boulder
Creek, including the Soda Springs bypass reach, because of
upstream interception of sediments by the reservoirs (PacifiCorp,
1995a,  volume 4). As a result, tributaries are the principal
sources of gravel in the Wild and Scenic reach upstream of
Steamboat Creek. Indeed, the area of riverbed covered by gravel
becomes increasingly larger downstream of Boulder Creek and
subsequently Copeland Creek, according to a 1993 survey
(PacifiCorp, 1995a,  volume 4). In order to provide more gravel
for spawning habitat, PacifiCorp proposes to add and maintain
additional gravel deposits in the Soda Springs bypass reach and
to construct a stockpile of gravel along the Boulder Creek access
road, downstream of the Soda Springs powerhouse, that would be
redistributed in a natural manner during high-flow periods.
Although intended to provide habitat for spawning, these
measures would also help increase scour of algae, and provide
habitat for benthic organisms that contribute to processing of
organic detritus.

Wild and Scenic Reach
Steamboat Creek

The 32 miles of the Wild and Scenic reach from Boulder
Creek to Rock Creek (RMs 67.9-35.7, pl. l), support many
beneficial uses, including withdrawals for water supply,
irrigation, and livestock; anadromous fish passage, rearing, and
spawning; habitat for resident fish and aquatic life; fishing; and
water-contact recreation (Oregon Administrative Rules, Chapter
340, Division 4 1, Rule Number 340-4  l-282, 1994). The river
has been famous for its scenic qualities and for fly fishing,
particularly for wild steelhead. Yet despite the beauty and the
many recreational opportunities within the Wild and Scenic
reach, the river is no longer a completely natural, undisturbed
system because of the flow manipulations within the study area
and extensive land management activities (including timber
harvesting and road building) in the basin.

Most of the water in the Wild and Scenic reach during the
summer low-flow months of August and September
(approximately 70&900  ft3/s) comes from Soda Springs
Reservoir. Steamboat Creek, Rock Creek, and the Little River
add about 100, 80, and 60 ft3/s, respectively, and several other
small tributaries add another 50 ft3/s. The river has a relatively
high gradient from Soda Springs to Rock Creek (average 5 feet
per 1,000 feet; U.S. Geological Survey, 19 15),  and is frequently
interspersed with riffles, glides, and runs. Two significant drops
mark the downstream terminus of the Wild and Scenic reach near
Rock Creek, and the Little River joins the North Umpqua River

The Steamboat Creek Basin, which is the principal spawning
ground of the North Umpqua’s famous run of native steelhead
trout and other species of trout and salmon, is 227 mi2 in area and
joins the North Umpqua at RM 53.0. Because of its importance
as spawning habitat, the basin has been closed to angling since
1932 (Holaday, 1992). The area includes the Canton Creek
subbasin  (Steamboat Creek RM 0.5 I), which contains a large
amount of private timber land, and the Big Bend Creek subbasin
(Steamboat Creek RM 11.8)  which is National Forest land. Also
located in the upper reaches are several tributaries in which
mining has occurred in the past, and in which there are pending
claims for additional future mining.

Steamboat Creek has had a long history of problems with
high water temperatures. Although Holaday (1992) showed that
there were decreasing annual maximum water temperatures in
Steamboat Creek during 196990, in conjunction with regrowth
of riparian cover in previously logged areas, he also determined
that maximum stream temperatures in the lower reaches of the
creek had been high since data collection began in the late
1950’s. Big Bend Creek, with its large roadless area, high
summer discharge, and plentiful riparian cover, provides a large
amount of relatively cool water (annual maximum temperature
approximately 19’C (degrees Celsius) (66’F)  to Steamboat
Creek. As a result, steelhead are known to hold in a deep pool
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below the mouth of Big Bend Creek in late summer and fall until
water temperatures in upper Steamboat Creek drop sufficiently
for them to migrate further upstream. Likewise, the maximum
water temperatures approaching 25’C (77’F)  or greater near the
mouth of Steamboat Creek (Holaday, 1992) may be one reason
that steelhead hold temporarily in the North Umpqua River near
the mouth of Steamboat Creek in the summer.

Given the importance of Steamboat Creek as steelhead
habitat, and its high water temperatures, the potential impact of
increased periphytic algal growth on water quality in the creek
is high. High algal productivity could induce important die1
changes in pH and DO and could cause deleterious effects, such
as high pH,  low DO, or shifts in the aquatic food webs and
community structure. Indeed, pH values greater than the State
standard of 8.5 pH units, and DO below the State standard of
90% saturation have been documented in Steamboat Creek in
the past (PacifiCorp, 1995a,  volume 21; Powell, 1997).

Little River Watershed

The 206 mi* Little River watershed, which lies outside of
the Wild and Scenic reach of the North Umpqua River, is heavily
managed for timber; almost 60% of the watershed had been
harvested by 1995. Designated beneficial uses, which are similar
to those for the North Umpqua River in general, include with-
drawals for water supply, irrigation, and livestock; anadromous
fish passage, rearing, and spawning; habitat for resident fish and
aquatic life; fishing; and water-contact recreation (Oregon
Administrative Rules, Chapter 340, Division 4 1, Rule Number
340-41-282,  1994). The basin is also heavily used for camping
and hunting.

Public land in the Little River watershed was designated as
an Adaptive Management Area (AMA), 1 of 10 so designated in
the President’s Northwest Forest Plan (U.S. Forest Service and
Bureau of Land Management, 1994). As a requirement of this
designation the U.S. Forest Service completed a watershed
analysis for the Little River in September 1995 (U.S. Forest
Service and Bureau of Land Management, 1995). A special
area of focus for the Little River AMA is the development
and implementation of methods to integrate intensive timber
production with restoration and maintenance of high-quality
riparian habitat.

The Little River joins the North Umpqua River near the
town of Glide (RM 29.1). The Little River has many of the same
water-quality problems as Steamboat Creek, including periodic
high pH due to algal productivity and elevated water tempera-
tures, which contribute to pressures on threatened or endangered
fish species. Maximum pH values in the Little River watershed
have been documented as high as 9.1 pH units, and daily maxi-
mum pH has been positively correlated with the upstream area of
timber harvested (Powell, 1995; 1997).

Water-Quality Issues and Aquatic Ecosystem Concepts

The following section presents a description of Oregon’s
water-quality standards that are relevant to the North Umpqua
River Basin, as well as a literature review highlighting some of

the water-quality issues facing natural-resource managers in the
basin. Because of the fundamental controls that hydrological
systems exert on the biological processes in a stream, flow
manipulations from hydropower and forestry activities can have
potentially far-reaching consequences. This section of the report
provides a discussion of issues that are important in the basin
and a basic description of stream processes related to nutrients,
benthic algae (periphyton), and aquatic food webs in the basin.
References are provided for those interested in further pursuing
the concepts.

Current driving forces for many water-quality investigations
in western Oregon streams, including the North Umpqua River,
include concern for anadromous fish and the societal pressures
associated with endangered species. In this context, the term
“water quality” broadly encompasses questions about physical
habitat, ecological processes, streamflow, chemical composition
of the water, and complex interactions of these factors. As
concerns over declining stocks of fish have grown, additional
emphasis has been placed on management of the aquatic resource
and its potential impact on the river’s ecosystem, including
benthic algae as the basis for river food webs.

Water-Quality Standards

Periphyton in streams in western Oregon commonly cause
die1  fluctuations in DO and pH through photosynthesis and
respiration (Oregon Department of Environmental Quality, 1995;
Tanner and Anderson, 1996) and the resulting low concen-
trations of DO or high pH may create problems for aquatic
animals or cause other nuisance conditions (Welch and others,
1989). Excessive growths of algae, which have been observed at
some locations in the North Umpqua River Basin (Eugene
Register Guard, June 28, 1994, p. lD), are often fueled by
nutrient inputs (especially nitrogen and phosphorus) to streams.
Because streams in the Cascade Range are commonly low in
nitrogen (Triska and others, 1983; Leland, 1995; Bakke and
Pyles, 1997) it is important to characterize nitrogen and
phosphorus sources in order to manage algal growth. Other
important factors regulating the buildup of periphyton biomass
include nutrient release and consumption within the benthic
community, otherwise known as recycling (Elwood and others,
198 1; Paul and others, 199 1, Mulholland, 1996) interactions
between periphyton and invertebrate grazers (Steinman, 1996)
type and stability of substrate for attachment, and disturbance
and scour resulting from changes in discharge (Homer and
others, 1983; Wooten  and others, 1996). As the primary source
for inputs of external energy for aquatic food webs (DeAngellis,
1992) changes in algal growth patterns can potentially have a
significant effect on higher trophic levels. Because of these
considerations, knowledge about nutrient inputs, algal growth
and resulting influences on pH and DO, and the role of forestry
and hydropower is critically important to understanding the
factors influencing water quality in the North Umpqua River
Basin.

Concurrent with these concerns, there is a widespread
emphasis on regulations resulting from the Clean Water Act,
including the requirement for States to set water-quality
standards and establish Total Maximum Daily Loads (TMDLs)
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on rivers in which those standards are not being met. This has
fostered additional focus on measurement of basic stream
characteristics such as water temperature, DO, and pH. The State
of Oregon has developed water temperature and DO standards
that are specific for geographic location, the water body itself,
and the aquatic biota found there. For the North Umpqua River
Basin, the timing of spawning for resident and anadromous fish
determines the temperature and DO standards in effect (table 2).
In any year, there are either resident or anadromous fish
spawning at any time between mid-September and mid-May,
but no fish spawning from mid-May to mid-September (Dave
Loomis, Oregon Department of Fish and Wildlife, oral commun.,
1997). Standards for water temperature and DO, therefore, are
less stringent for the summer months (mid-May to mid-
September) than during the rest of the year. Although the
standards changed in 1996, the seasonal aspect was in effect
before 1996 as well. In this report, temperature and DO are
primarily compared with standards in effect during 1995 and
previously. Some references are also made to the conditions
relative to standards enacted in 1996.

Because of the history of elevated temperatures in parts of
the North Umpqua River Basin, particularly Steamboat Creek,
high water temperatures are an important concern in the basin.
Elevated water temperatures can have detrimental effects on
salmonid populations by causing changes in the food resources
and by direct effects on the metabolism, development, and
activity of the fish. The optimal temperature range for steelhead
is l&13°C  (5&55’F).  and temperatures below 10°C  are most
desirable for spawning. Temperatures above 24’C (75OF)  can be
lethal (Bjomn and Reiser, 199 1; Jobling, 198 1). There was no
specific numerical standard for temperature in effect during July

1995. The summer standard was based on minimizing any
increase in temperature due to human activities at ambient
temperatures above 18.9’C (66’F).  The revised standard does
not allow the avera
exceed 17.8OC  (64 8

e 7-day daily maximum temperature to
F). Exceptions to these standards could be

allowed under basinwide surface-water temperature management
plans, subject to approval by the Oregon Department of
Environmental Quality (Oregon Department of Environmental
Quality, 1996, Oregon listing criteria for Section 303(d) list).

The State water-quality standard for DO, in effect
during July 1995 and previously, was based on the percent
saturation of DO in water, and varied depending on the time of
year as described previously and shown in table 2. For the
summer periods encompassed in this report, the 90% saturation
standard applied. With the revision of the standard in 1996, the
current DO standard for summer months in the North Umpqua
River is 8 mg/L (as a 30-day mean minimum concentration). At
some of the upper elevations of the watershed (upstream of Soda
Springs Reservoir), the concentration of DO at saturation can be
relatively close to this concentration because of lowered
barometric pressure, and can therefore exceed the standard as a
result of small fluctuations. Regardless, the goal of protecting the
most sensitive designated beneficial use dictates that the numeric
standard would still apply as long as it is physically possible to
achieve that value (Lynne Kennedy, Oregon Department of
Environmental Quality, written commun., 1997).

The State water-quality standards for fresh waters specify a
pH within the range of 6.5-8.5.  As of January 1996, however, an
exception is made for artificially impounded waters if the Oregon
Department of Environmental Quality determines that all
practicable measures have been taken to bring the pH into

Table 2. State of Oregon water-quality standards for pH, water temperature, and dissolved oxygen for the North Umqua
River Basin, Oregon
[Source: Oregon Administrative Rules, Attachment A to Chapter 340, Division 41, 1996.  mg/L,  milligrams per liter; >, greater than;
“C, degrees Celsius; “F, degrees Fahrenheit; %, percent]

Previous standard Revised standard
(prior to 1996) (implemented in 1996)

Non-spawning Spawning Non-spawning Spawning
periods periods periods periods

(mid-May to (mid-September to (mid-May to (mid-September to
Constituent mid-September) mid-May) mid-September) mid-May)

pH (units) 6.s8.5 6.5-8.5 6.5-8.ja 6.%3.ja

Water temperature (T), “C (OF) No change when No change when 173°C 12.8”C
T > 18.9”C  (66’F) T > 14.4”C  (58’F) (64.0”F)b (55”F)b

Dissolved oxygen (DO), mg/L 90% of saturation 95% of saturation 8.0ed 6  5e 6.0f3 . 3 11 00 9,oh.’. 3

‘Waters impounded by dams existing on January I. 1996, are exempted if the Oregon Department of Environmental Quality determines that
the exceedance would not occur without the impoundment and that all practicable measures have been taken to bring the pH in the
impounded water into compliance.

‘Based on 7-day average of daily maximum temperatures,
‘Based on 30-day mean minimum concentration.
dlf conditions of barometric pressure, altitude, and temperature preclude achievement of the indicated concentration,

then the 90% saturation standard applies,
eBased on 7-day minimum mean concentration.
fAbsolute minimum.
‘Absolute minimum, if intergravel DO is less than 8.0 mg/L.
“If conditions of barometric pressure, altitude, and temperature preclude achievement of the indicated
concentration, then the 95% saturation standard applies.

‘If intergravel DO is greater than or equal to 8.0 mg/L.
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compliance. This exception apparently applies to waters in
streams below impoundments as well, if the impoundments are
deemed to be the source of the high pH water. This exception
applies to impoundments within the hydroproject in the North
Umpqua River Basin.

Benthic Algae

A key issue in the North Umpqua River Basin is the
perception that benthic algae (periphyton) are overly abundant.
Locally, important concerns associated with abundant algal
growth include: the impacts of periphyton on DO and pH;
nutrient dynamics (limitation, sources, and transport); changes in
algal community structure and biomass; and the impacts of such
changes on higher trophic levels (food webs). An understanding
of the degree to which resource-management activities in the
basin (particularly forestry and hydropower generation) affect
these processes can help managers minimize negative impacts of
the activities.

Dissolved oxygen and pH-Algal  metabolism can
significantly affect early morning and late afternoon
concentrations of DO and pH (Odum, 1956; Welch, 1992).
Photosynthesis, a light-driven process (Graham and others, 1982;
Wooton and Power, 1993),  consumes carbon dioxide (COz)  and
produces oxygen (eq. 1). Respiration by aquatic plants and
animals, which occurs at all times, consumes oxygen and
produces CO2. Die1  changes in pH are caused by shifts in the
carbonate equilibrium (eq. 2) as the algae utilize CO2  (or
bicarbonate, HCOj-)  during photosynthesis (Wetzel, 1983)
faster than atmospheric inputs can equilibrate. Streams with
significant periphyton communities often have supersaturated
DO concentrations and high pH values late in the day and
minimum DO and pH values in the early morning (for examples,
see Kuwabara, 1992, or Tanner and Anderson, 1996). However,
the solubility of DO is inversely proportional to the water
temperature, which rises in response to solar radiation and
thereby decreases DO solubility during daylight hours, and is
also impacted by physical reaeration. In effect, stream
temperature, reaeration, photosynthesis, and respiration compete
for control of DO in streams. The effects of repeated, short-term
die1  fluctuations in DO and pH on aquatic life are largely
unknown.

Photosynthesis

6c02  -I- 6H20  4 Respiration ) CgH1206  ‘602  (1)

CO2 + H20+-+  HC03-  + H’+-+  C032- + 2H+ (2)

Nutrient sources for benthic communities-A repeated
cycle of nutrient release, uptake, and release (recycling) within
an algal mat may mask the true transport or input of nutrients in a
stream (Elwood and others, 198 1; Paul and others, 199 1;
Mullholland, 1996),  retaining nutrients in biomass that are
subsequently released through excretion, senescence (decay),
remineralization, and scouring (Mulholland, 1992). These
processes place increasing importance on dissolved organic and
particulate nutrient forms when concentrations of inorganic

nutrients are low (Meyer and Likens, 1979),  and could explain
the importance of such nutrient forms in the North Umpqua
River. Nonpoint nutrient inputs, coming from diverse sources
such as overland flow, ground-water, or hyporheic (interstitial,
near stream) flow (Triska, Duff, Avanzino, 1989) could be
particularly masked because they can bc incorporated directly
into algal tissue and recycled downstream without ever becoming
entrained into the part of the water column that is usually
sampled.

During periods of high productivity, downstream depletion
of inorganic nutrients increases the importance of atmospheric,
organic, or particle bound nutrients (Mulholland, 1992). Nitrogen
fixation by benthic blue-green algae can be a significant source of
nitrogen (Wetzel, 1983; Dodds and others, 1995). As much as
40% of the total nitrogen assimilated by blue-green algae is
released extracellularly by these organisms and is available to
other biota (Fogg and others, 1973). Some blue-green algae (for
example, Nostoc sp. and Rivularia sp., both found in the North
Umpqua River) possess specialized structures called heterocysts,
which contain the nitrogen-fixation enzyme nitrogenase.
Heterocysts protect nitrogenase against the ill effects of oxygen,
a nitrogen-fixation inhibitor (Fogg and others, 1973). Another
group of algae associated with nitrogen fixation includes diatoms
of the family Epithemiaceae. These algae, which often contain
endosymbiotic blue-green algae as inclusions that can provide
nitrogen through fixation (Floener and Bothe, 1980),  are less
efficient at nitrogen fixation than heterocystous nitrogen fixers.
As will be seen, epithemiacean diatoms, including the genera
Rhopalodia and Epithemia, are important components in the
algal communities at many locations in the North Umpqua River
Basin.

The relationship between colonies of Nostoc, (a colonial,
nitrogen fixing blue-green alga) and larvae of the chironomid
midge Cricotopus nostocicola has been well studied (Brock,
1960; Dodds and Marra, 1989). The midge, which inhabits the
core of the algal colony’s structure, grazes the algal host and
obtains refuge from other predators, while the Nostoc colonies
benefit as the midge helps secure the colony to the substrate with
silk (Dodds and Marra, 1989). Nostoc colonies containing
midges also had higher rates of photosynthesis than colonies
without midges (Ward and others, 1985),  apparently due to
morphological changes in the colonies: colonies containing
midges protrude into the current farther, which increases the
diffusion  rates of carbon dioxide and oxygen. The occurrence of
Nostoc spongiiforme hosting an unidentified chironomid midge
larva was observed frequently in the North Umpqua River during
this study, and this association could help supply nitrogen to the
river.

During late successional stages (when nutrients can become
limiting inside benthic algal mats), periphyton (particularly
filamentous green algae) undergo a senescence process whereby
the basal cells of the mat decay (Biggs, 1996). This separation of
the mat from the substrate, termed autogenic sloughing, can
represent an important transport of nutrients in a river system.
Rates of nutrient remineralization following autogenic sloughing
vary considerably and are determined by water temperature
and other factors controlling heterotrophic processing (DO
concentrations among them). The release of dissolved organic
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compounds containing high concentrations of nitrogen has been.
documented, even from healthy cells (Bjornsen, 1988) and
utilization by heterotrophic organisms (including algae) has been
shown (Hellebust and Lewin, 1977; Rogers and Gallon, 1988;
Bourdier and others, 1989; Schollett and others, 1996; Cuffney
and others, 1997). Greene ( 1996) demonstrated that dissolved
organic nitrogen compounds from forested tributaries to the
South Umpqua River were biologically available to algae. The
importance of organic nitrogen in the algal ecology of the North
Umpqua River is examined later in this report (see p. 28, 33-36).

Algae in river food- webs-Periphyton provide an
interface between abiotic resources and the food web, converting
nutrients and energy into organic biomass. The efficiency at
which energy is transferred from one trophic level to another
(in the North Umpqua River, from algae to invertebrates and
ultimately to fish) is a function of several factors including the
“edibility” of the algae and the types of herbivores present
(DeAngelis, 1992). In general, diatoms (such as those reported
in this study) are preferred over filamentous green or blue-green
algae as a food source (Power and others, 1988; Stevenson,
1997) which may be due to the production of a protective sheath
and (or) toxic compounds by the blue-green algae (Fogg and
others, 1973). Several hypotheses have been proposed to describe
top-down (predator/grazer controlled) versus bottom-up (algal
bacteria controlled) influences on benthic food webs (for a
review see Lamberti, 1996) but much debate continues as to
which influence is strongest.

Food webs in regulated rivers like the North Umpqua may
function differently from those in natural systems because dams
prevent or reduce the frequency of scouring floods that may
seriously affect river food webs. For example, Wooton  and others
(1996) showed that the abundance of larvae of Dicosmoecus
D. gilvipes, a large herbivorous caddis fly, increased in the
absence of floods. They proposed that although D. gilvipes is
susceptible to the scouring action of rolling cobbles and boulders
at high flows, its armored stone case made it resistant to most fish
and invertebrate predators and it thereby flourished when those
floods did not occur. Walton and others (1995) showed that
grazing by gilvipes caused a shift in the algal community toward
filamentous blue-green algae, possibly due to the reduced food
quality of these mucilaginous forms (Mary Power, University
of California, Berkeley, oral commun., 1996). Secondary
production by D. gilvipes in these systems, therefore, represents
a potential “dead end” in the food chain. Although there are
anecdotal accounts from fisherman of declines in the populations
of other edible invertebrates such as large predatory stone flies
(Plecoptera), and an increase in D. gilvipes in the North Umpqua
River, no long-term data arc available to verify these accounts.

METHODS

Standard USGS methods for sampling and analysis were
used except where otherwise noted. Methods of data collection
employed by the USGS, and by PacifiCorp during July 1995,
are described below; the reader is referred to the original
data sources for methods employed by the other researchers.
Sampling sites are described for 1993-95 in table 3 and for 1995
in table 4, along with associated station identification numbers

and acronyms, river miles, and a listing of the constituents
measured at each. Site acronyms in table 4, which match
PacifiCorp’s  ( 1995, Volume 3) listings for previously established
sites wherever possible, are used in the text of this report to
abbreviate references to individual sites.

U.S. Geological Survey Data Collection, 1993-95

Hourly Monitor-h 1993, the USGS installed an hourly
monitoring station at the terminus of the Wild and Scenic reach,
upstream of Rock Creek (NURCM), with the cooperation of
Douglas County, the BLM, and the U.S. Forest Service. The
monitor records hourly values of water temperature, DO, pH.
specific conductance, and turbidity. Summary data from the
monitor have been published annually (U.S. Geological Survey,
199497). The monitor is intended to provide long-mm-r  data that
may be used to document current conditions or to identify trends
in water quality over time.

Reconnaissance Sampling, 1993-94-Water
samples were collected at two fixed sites (NURCR, NUBWC)
in 1993, at high and low flow (table 3),  and analyzed for conven-
tional constituents (suspended sediment, nutrients, major ions),
trace elements, and organic compounds. Bed-sediment samples
were collected from the same two sites at low flow and analyzed
for trace elements, organochlorine  pesticides, and total poly-
chlorinated biphenyl (PCB) compounds. During 1994, samples
were collected only at the site above Rock Creek (NURCR),
during low flow. In addition to water samples, the samplings in
1994 included periphytic algae (chlorophyll a, ash free dry mass,
species identification and enumeration,  biovolumc, and density).
Sampling at NURCR during 1995 was done in conjunction with
the basinwide synoptic survey, and also included trace elements
in water in order to provide continuity with data from 1993 and
1994. For convenience, data from the 1993-94 reconnaissance
samplings, which were published previously in the USGS’
Annual Data reports (U.S. Geological Survey, 1994-97)  arc
also provided in Appendix C of this report.

Synoptic Survey-A synoptic survey of the basin during
low-flow conditions, based on the results of the reconnaissance
samplings in 1993 and 1994, and work done by PacifiCorp in
1992-94, was carried out in July 1995. The purposes of the
survey were to:

l measure temperature, DO, pH, nutrient, and
periphytic-algal conditions throughout the North
Umpqua River Basin;

l identify major nutrient sources and sinks and
possible nutrient-limiting conditions by mass
balancing streamflows and nutrient loads in the
North Umpqua River from Soda Springs Reservoir
to Glide; and

l assess water quality relative to State of Oregon
standards and guidelines for DO, pH, water
temperature, chlorophyll a, and algal abundance.

Sites sampled by the USGS were selected to enable the mass
balancing of flow and nutrients, and to provide data on streams
that were already of particular local interest because of pH and
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Table 3. Constituents analyzed during reconnaissance sampling at two sites on the North Umpqua River, Oregon, 1993-95
[See plate I for site locations. Bed sediment was analyzed for trace elements and chlorinated organic compounds. ID, identification; x, analyzed; -, not
analyzed; *, includes habitat survey]

Field Trace
measure- Suspended Major ions elements Organic Bed

Date Discharge ments sediment Nutrients (filtered) (filtered) carbon Pesticides Algae sediment

North Umpqua River below Steamboat Creek (Site ID 14316800, Site designation NUBWC)

Sept. 7, 1993a X X X X X X X X

Dec. 8, 1993b X X X X X X X X

North Umpqua River above Rock Creek (Site ID 14317500, Site designation NURCR)

Sept. 8, 1993a X X X X X X X X

Dec. 9, 1993b X X X X X X X X

July 6-7, I 994a X X X X X X X X

Sept. 13-14, 1994a X X X X X X X*

July 25, I 995a X X X X - X X

aLow flow.
bHigh flow.

temperature issues (Steamboat Creek and the Little River).
Additional sites were sampled within the hydroproject area (table
4), by either the USGS or PacifiCorp, to help provide a link
between data collected in the Wild and Scenic reach from 1993
and I994 and data collected by PacifiCorp in the hydroproject
area from 1992-94. USGS data from the 1995 synoptic survey
are provided in Appendixes A, B, and E.

Sampling of periphyton was done so as to assess spatial
distribution of algal abundance and species composition at sites
having different habitat characteristics (that is, below dams and
powerhouses, high-flow main-stem sites, and smaller tributary
sites). Site community compositions also were used to assess
long-term water-quality conditions (nutrient content, pH,  and
water temperature). Lastly, ecological patterns (groupings)
formed by sites, water-quality conditions, and algal taxa were
identified using multivariate classification (Two-Way Indicator
Species Analysis, or TWINSPAN) and ordination (canonical
correspondence analysis, or CCA) techniques. TWINSPAN  was
used for the classification analysis because it identifies the
species that are responsible for differences between variables
(sites, in this case).

Despite their proximity to each other (0.3 miles), two sites
intended to represent conditions below Lemolo Lake, LEM 1G
and LEM 1 T, are differentiated in this report. Although discharge
at the two sites is essentially the same, the relatively high algal
biomass sometimes present in the stream channel below the lake
might cause uptake of nutrients in the reach between LEM 1 T and
LEM 1 G. This could result in differing water-quality conditions
or algal biomass at the two sites.

Streamflow and Monitors

Discharge was measured at miscellaneous sites according to
standard USGS guidelines as described by Rantz and others
(1982); discharge records at continuous-record gaging stations
were compiled according to methods described by Buchanan and
Somers (1984) and Kennedy (1983). Flow data from three gaging
stations BOULDM, NUWCR, and ROCKM were obtained from

Douglas County (K. Shumway, Douglas County, written
commun.,  1996),  which operates the gages.

Data from the monitor near Rock Creek (NURCM) were
shifted on the basis of field calibration results using techniques
for the computation of streamflow records (Kennedy, 1983),
adapted for water-quality parameters. The monitor is located in a
concrete pump house on the riverbank. Water is pumped from the
river through a self-priming centritigal  pump and circulated
through water baths that house the individual monitor probes
measuring water temperature, DO, pH,  and specific conductance.
Occasionally the pumps supplying water to the monitor stopped
operating during periods of high suspended-sediment movement
in the North Umpqua River, resulting in missing data.

Water and Sediment

USGS samples-All chemical analyses were conducted at
the USGS’ National Water-Quality Laboratory (NWQL) in
Arvada, Colorado, with the exception of alkalinity, which was
determined in the field, and analysis of algal chlorophyll a and
biomass, which were determined in the USGS’ Oregon District
Laboratory (ODL). Chemical data were stored in the USGS’
Water Storage and Retrieval data base (WATSTORE) and were
automatically transferred to the Environmental Protection
Agency’s Storage and Retrieval data base (STORET). Analytical
schedules and publications describing the methods are listed in
table 5. Analytical reporting limits are listed in Appendix C.

Water samples were collected using the Equal-Width
Increment (EWI) metho&-a  depth and width integrating
technique described by Edwards and Glysson (1988). Methods of
sample collection and processing for organic constituents are
described by Shelton ( 1994). Clean techniques used for the
sampling and processing of inorganic samples are outlined in
greater detail by Horowitz and others (1994). Equipment
cleaning for organic analyses followed similar techniques with an
additional methanol rinse to remove any residual organic
contamination.
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Table 5. Summary of water-quality analyses conducted in the North Umpqua River Basin, Oregon, 1993-95
[USGS, US. Geological Survey; NWQL, USGS National Water Quality Laboratory, Arvada, Colorado; ODL, Oregon District laboratory,
Portland, Oregon; CVO, USGS sediment laboratory, Vancouver, WashIngton;  SPE, solid phase extraction, GUMS. gas chromatography/
mass spectroscopy; HPLC, high-performance liquid chromatography]

Analysis Laboratory Reference or analytical
Constituent group location schedule method

Ancillary data NWQL,
ODL, __ __
c v o

Nutrients in whole and filtered water NWQL 2702, I I 19 Fishman (1993)
Trace elements in whole water NWQL -- Fishman (I 993)

Trace elements in filtered water NWQL -- Fishman (I 993)

Trace elements associated with bed sediment NWQL 2400 Arbogast (I 990)

Organochlorine compounds associated with bed sediment NWQL 2501 Foreman and others ( 1995)

Pesticides in filtered water analyzed by SPE and CC/MS NWQL 2010 Zaugg and others (I 995)
Pesticides in filtered water analyzed by SPE and HPLC NWQL 20.51 Werner and others (I 996)

Filtered-water trace-element samples were analyzed by
inductively coupled plasma and mass spectroscopy (ICP/MS) in
a clean room designed to minimize metallic contamination.
Samples for nutrients, hardness, and trace elements in whole
water were analyzed according to Fishman (1993). Filtered and
unfiltered nutrient samples were chilled unpreserved and shipped
on ice within 24 hours to the NWQL, where they were kept
chilled at 4’C until analysis. Nutrient analyses were performed
within 7 days of delivery to the NWQL. Nutrients analyzed from
the unfiltered sample were total phosphorus (TP) and total
Kjeldahl nitrogen (TKN), using a Jirka modification of the
Kjeldahl digestion (Patton and Truitt, 1992). The TKN analysis
provides a measurement of ammonia plus organic forms of
nitrogen. Nutrients analyzed in the filtered sample included a
digested fraction for phosphorus (TDP) and nitrogen (TDN), and
an undigested fraction for soluble reactive phosphorus (SRP),
ammonia nitrogen (NHd’), nitrite nitrogen (NOz2-),  and nitrite
plus nitrate nitrogen (N022- + NOj-). In this report, nitrite plus
nitrate nitrogen is referred to simply as N03-, because N0z2‘ is
typically negligible. Data for the TKN and TDN analyses were
corrected by the NWQL for concentrations of the respective
forms of nitrogen in the laboratory’s blank samples. Because of
the large number of nondetections for nitrogen in analyses from
1993, alternate methods with lowered reporting limits were used
in subsequent analyses.

Ancillary data collected included alkalinity, suspended-sedi-
ment concentration, and field measurements of water tempera-
ture, DO, pH,  and specific conductance. Alkalinity samples were
filtered and then titrated potentiometrically in the field using 0.16
normal sulfuric acid with digital titrators. End points for the alka-
linity titration were determined using an incremental method
(Wood, 1976).

Water temperature, DO, pH,  and specific conductance were
determined using Hydrolab multiparameter probes, adapted for
low-ionic strength waters. Time intervals used to measure the
daily minimums and maximums in DO and pH were determined
by examination of the summertime hourly record from the moni-
tor near Rock Creek. These times were variable but tended to be
between 06:0&08:00  a.m. and 4:3&6:30  p.m. During the July

95 synoptic survey, it was noted that the daily minimums and
maximums tended to occur later in the morning and earlier in the
afternoon, respectively, for sites located in the upper elevations
of the watershed. Sampling times for die1  measurements of DO
and pH at upper elevation sites were subsequently adjusted, in an
attempt to match these periods of minimums or maximums, using
previously recorded data provided by PacifiCorp ( 1995a,  volume
3).

Analyses of suspended-sediment concentration and
computation of percent finer-than-sand (less than 62-micrometer
sieve diameter) were made by the USGS Sediment Laboratory in
Vancouver, Washington, as outlined by Guy ( 1969). Bed-
sediment samples were collected during low flow in 1993 with a
Teflon scoop from 10 depositional areas at the 2 fixed sites (table
3). According to protocols for bed sampling described by Shelton
and Cape1 (1994). Analysis of trace elements and organochlorine
compounds associated with bed sediment were performed
according to procedures described by Arbogast ( 1990) and
Foreman and others (1995),  respectively (table 5).

PacifiCorpWater  was collected by PacifiCorp in July
1995 as mid-channel grab samples using with a cleaned and
rinsed 5-gallon plastic bucket. Aliquots were pumped into sepa-
rate bottles for each constituent using a peristaltic pump. Filtered
water samples were passed through an in-line 0.45 micrometer
filter. New pump tubing and filters were used for each of the
seven sample sites visited. Samples were stored unpreserved on
ice and transported to Oregon Analytical Laboratory, in Beaver-
ton, Oregon, within 24 hours (PacifiCorp, 1995b). Methods of
sample collection for previous studies are described by Pacifi-
Corp (1995a,  volume 2 1).

Algae

One measure of the standing crop of the benthic community
is the ash-free dry mass (AFDM)--the  amount of organic matter
per unit area scrapebxpressed  as grams per square meter
(g/m*).  In addition to algae, AFDM measurements also incorpo-
rate detritus and other components of the periphyton (protozoans,
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bacteria, and fungi), making it difficult to isolate the algal com-
ponent. Another indirect measurement of the algal biomass, chlo-
rophyll a (expressed as milligrams per square meter, or mg/m2),
is widely used because all photosynthetic organisms utilize this
plant pigment in photosynthesis. Chlorophyll a can, however,
underestimate algal biomass during periods of declining health,
and pigment adaptation can cause much variation in the chloro-
phyll a content of cells (Wetzel, 1983). Despite these complica-
tions, chlorophyll a and AFDM values are commonly used to
gauge the standing crop of algal biomass (Welch and others,
1988, 1989).

Microscopic enumeration of algal cells may also be used to
assess algal biomass. Cell densities, expressed as number of cells
per square centimeter (cells/cm2) and determined for individual
taxa, allow for analysis of community composition. Although
cell densities are good indicators of individual species growth
(division) rates, they can be misleading when the cell sizes from
multiple species in a sample span many orders of magnitude.
Measuring cell dimensions allows for the estimation of cell
biovolume, expressed in cubic micrometers per square centimeter
(pm3/cm2),  which corrects for variations in cell size. Algal
biovolume provides a good measure of the biomass available for
herbivorous consumers at higher trophic levels (Lowe and Pan,
1996).

Sample Collection and Processing-Benthic algal
(periphyton) samples were collected from 10 sites (table 3) using
the method described by Porter and others (1993). Representative
rocks were selected in a deliberate manner from the Richest-
Targeted Habitat (RTH), usually riffles, in wadable areas at a
sampling site.Twenty-five individual scrapings were composited
(total area approximately 75 cm2)  from five submerged rocks. At
the site below Toketee Reservoir (TOKET), the thick coverage of
filamentous green algae warranted the use of a Hess sampler. At
this site, algal coverage appeared homogeneous; therefore, two
Hess samples were collected and cornposited, representing a total
area of I,71 1.8 cm2.  Algae samples were chilled for up to 8 hours
until tirther  processing.

At each site where periphyton samples were collected during
the July 1995 synoptic sampling, solar availability (southerly
exposure) was assessed using a Solar PathfinderTM.  This method
outlines the panoramic shading at a site, allowing for the
estimation of solar availability (Platts and others, 1987). Data are
expressed as a percent of the average total radiation that will fall
on a south facing location for a given month and latitude. Canopy
cover (as a percent) is obtained by subtraction of the percent of
solar availability from 100.

Periphyton samples were homogenized in an electric blender
within 8 hours of collection. Aliquots of known volume for
analysis of chlorophyll a and AFDM were removed and filtered
through 47-millimeter-diameter GF/F filters (in triplicate) and
frozen prior to analysis. The rest of the sample was preserved
with 5% formalin  for algal identification and enumeration.
Phytoplankton chlorophyll a was determined from six sites using
water sampled for nutrients. Known volumes were taken from a
chum splitter, filtered through 47-millimeter-diameter GF/F
filters (in triplicate), and frozen on dry ice prior to analysis.

Periphyton and phytoplankton chlorophyll a was determined
fluorometrically at the Oregon District Laboratory (ODL)

following filter grinding in 90% acetone, and periphyton AFDM
was analyzed gravimetrically, according to methods described by
the American Public Health Association (1989). Filters for
AFDM were dried at 105OC  for 24 hours and burned at 500°C
for 2 hours, The difference in filter weights before and after
burning (corrected for filter AFDM) represents the AFDM of
the sample.

Periphyton identification and enumeration-
Periphyton species composition and abundance (density and
biovolume) were determined by one of two contract laboratories.
Samples from three sites (NURCR, COPEG, and STEAM) were
processed by the Philadelphia Academy of Natural Sciences.
Three hundred algal cells were identified to lowest possible taxon
and dimensions for calculating the biovolumes were made for
taxa that occurred in at least 5% abundance (S.D. Porter, U.S.
Geological Survey, written commun., 1995). The 7 remaining
samples were analyzed by Aquatic Analysts, Portland, Oregon; a
minimum of 100 algal units were identified to the lowest possible
taxon, enumerated, and measured for biovolumes. Algal units are
defined as single cells for unicellular taxa, colonies for colonial
taxa, and 100 um lengths for filamentous green and blue-green
taxa.

Data compilation and analysis-Algal data sets from
the two contractors were merged after resolving taxonomic dif-
ferences. Reference diatom slides prepared and analyzed by the
Philadelphia Academy of Natural Sciences were also analyzed by
Aquatic Analysts for comparison. Differences between contrac-
tors were resolved by (1) renaming taxa identified by Aquatic
Analysts to agree with current taxonomy, (2) folding individual
species or varieties into genera (for some diatoms), or (3) com-
bining individual genera of the blue-green algae into families on
the basis of their capacity for nitrogen fixation. This process
reduced the number of distinct taxa from 117 to 99. Specific
information on these groupings is presented in Appendix E.

Ecological information on individual taxa from a variety of
sources (Appendix E) was used to group algal taxa into auteco-
logical guilds (groups of taxa that have similar ecological toler-
ances, requirements, or abilities). Because periphyton integrate
conditions over time, they can be used to infer ecological condi-
tions (nutrient concentrations, pH,  and water temperatures) and
can provide alternative information to instantaneous water-
quality measurements (Carrick and others, 1988; Lowe and Pan,
1996) as indicators of current or changing ecological conditions.
For this analysis, the percent relative abundance of each guild
was determined, both for individual sites and by pooling data
from all sites.

The cluster analysis program TWINSPAN (Hill, 1979),  was
used to determine patterns among algal communities from differ-
ent sites. TWINSPAN  is a dichotomous classification technique
that, for this study, separated sites on the basis of algal species
biovolume. Individual species, having different total biovolumes
among samples from different sites, are grouped into predeter-
mined discreet intervals (cut levels) referred to as pseudospecies
(Hill, 1979). Nine pseudospecies cut levels were used (0, 0.1,
0.25, 0.5, 1, 5, 25, 50, and 100 million pm3/cm2),  based on the
overall distribution of taxa biovolumes from all sites. TWIN-
SPAN also identifies the indicator taxa responsible for the divi-

18



sions at each classification level and displays the output as a tree
diagram.

Canonical correspondence analysis (CCA) (ter Braak, 1986)
was also used to identify relationships among sites, species, and
environmental (chemical and physical) data. CCA is a direct gra-
dient technique that combines ordination and multiple regression
to simultaneously evaluate patterns among sites on the basis of
algal taxa abundance (for example, taxa biovolumes) and envi-
ronmental data. The results of this analysis are displayed in a
triplot diagram. For a more detailed discussion on the use of
CCA, readers are referred to the ordination chapter by ter Braak
in Jongman and others ( 1995).

Quality Assurance

Quality assurance was incorporated into the sampling pro-
grams in a variety of ways, including (1) daily pre- and post-
calibration of Hydrolabs, (2) weekly to biweekly calibration of
the hourly monitor near Rock Creek (NURCR), (3) collection of
blank samples to test equipment and techniques for contamina-
tion, (4) collection and submission of replicate, split, spiked, and/
or reference water-quality samples to test for precision and accu-
racy, and (5) sample collection and analysis at one site (INLET)
concurrent with collection by PacifiCorp during July 1995.
Because nutrient data collected by USGS and PacifiCorp are
combined and compared in this report, the quality assurance data
for nutrients are given extra emphasis below.

Water and Sediment

On a daily basis, Hydrolabs were calibrated before and after
use according to the manufacturer’s recommendations. Slight
linear shifts were applied when differences between calibration
standards and probe readings exceeded 0.2’C, 0.2 mg/L of DO,
0.2 pH units, or 5% of the specific conductance standard.
Similarly, probes from the hourly monitor at NURCM were
calibrated weekly or biweekly. Data from the monitor were
adjusted on the basis of field calibration results according to
Kennedy (1983). Annual cross-sectional measurements of water
temperature, DO, pH, and specific conductance from the water
sampling site 0.1 miles upstream (NURCR) were used to check
the monitor readings for a total of 7 individual days between
1993 and 1995.

Field and equipment blank samples (Appendix B) from
initial reconnaissance samplings in 1993 indicated the potential
for contamination of filtered trace-element samples by low-level
concentrations of zinc (3 pg/L) and aluminum (2 and 5 ug/L). In
1993, the ultrapure nitric acid originally used for preservation of
trace-element samples was discovered to have potentially been
contaminated with low concentrations of several trace elements,
including zinc and aluminum, derived from the glass ampules in
which it was shipped. These ampules were replaced with Teflon
ampules in 1994. Contamination with aluminum and zinc also
may have come from the aluminum boat used for the sampling at
NURCR, despite the clean procedures employed at the time.
Field-blank samples for trace elements in 1994 and 1995 from
the same sites indicated no further contamination. Data from

1993 were corrected for the potential zinc and aluminum
contamination by subtracting the blank water concentrations
from the native water concentrations. This correction affected
four zinc concentrations and one aluminum concentration from
September and December 1993 (Appendix B). There were no
detections of pesticides in either of two blank samples from
1993.

One field blank sample from July 1995 (out of three taken)
had 1 ug/L of TP detected in it. This concentration is small, how-
ever, compared with the concentrations of TP observed at this
and most other sites in the basin; therefore, TP concentrations
were not adjusted to reflect the contamination. Results from the
other two field blanks revealed no other detections of nutrients. A
blank sample collected and processed by PacifiCorp in 1995
showed a detection for TP of 10 pg/L, a value which was at the
instrument detection limit employed by PacifiCorp’s contract lab-
oratory. Although a blank water concentration of 10 ug/L is rela-
tively high, it was less than one-half of all TP concentrations
reported by PacifiCorp during the July 1995 synoptic survey.

A standard reference sample was submitted to the NWQL
for analysis of nutrients during the July 1995 synoptic survey
(table 6). The sample, prepared in the ODL as part of an estab-
lished quality control program with the United Sewerage Agency
(Doyle and Caldwell, 1996) contained known concentrations of
nutrients in water that was previously certified to be free of inor-
ganic constituents at the microgram per liter level. Concentra-
tions of nutrients were deliberately chosen to reflect the
concentrations previously observed in the North Umpqua River
Basin. The same reference-sample water was also provided to
PacifiCorp for simultaneous analysis and comparison with USGS
results. The results of the USGS and PacifiCorp analyses were
reasonably close to the expected reference concentrations for all
nutrient species except TP. USGS results for NO,-,  NHJ+,  and TP
were biased low; however, relative differences are magnified at
these low concentrations. PacifiCorp’s data appeared similarly
low, with the exception of the high TP value. Bias for Pacifi-
Corp’s analysis of NO,- could not be assessed because the value
was below the instrument detection limit.

Concurrent native water samples collected at one site
(LEM 1 T) by the USGS and PacifiCorp indicated relatively close
agreement for nutrient, chloride, and silica concentrations, also
with the exception of TP (table 6). Although SRP values at
LEMl  T reported by the USGS and PacifiCorp were similar, TP
was substantially higher in PacifiCorp’s analysis, as it was for the
standard reference sample. An examination of native water data
collected by PacifiCorp from other sites during July 1995
(Appendix D) indicates that several other sites had reported TP
concentrations that are relatively high for the basin. Because
these sites are located in the headwater areas of the upper North
Umpqua River Basin, within the Western Cascades geological
province, whose underlying rocks are known to be rich in phos-
phorus, these values possibly are representative. However, on the
basis of the analytical results of the standard reference sample
and the concurrent sample, it also is possible that PacifiCorp’s TP
data are biased high for some samples. A replicate sample sub-
mitted by PacifiCorp indicates good agreement for all constitu-
ents except TKN (table 6). There is no known reason for this
discrepancy in TKN results. Although the quality assurance data
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Table 6. Comparison of water-chemistry of samples collected and analyzed by the U.S. Geological Survey and by PacifiCorp
in the North Umpqua  River Basin, Oregon, during July 1995
[Refer to table 4 for list of site acronyms with site identification numbers and location. <, less than; USGS, U.S. Geological Survey; PC, PacitiCorp; pg/L,
micrograms per liter; mg/L, milligrams per liter; N, nitrogen; P, phosphorus; CaC03,  calcium carbonate; --. not analyzed]

Concurrent sample Replicate native water
Standard reference sample (at LEMlT) sample (at CLRAS)

Expected
Analysis value USGS PC USGS PC PC PC

Total Kjeldahl nitrogen, pg/L as N __ __ __ 1200 200 <200 560

Nitrate plus nitrite, pg/L as N IO 5 <IO <5 IO IO IO

Ammonia, pg/L as N 22 I7 20 2 <IO IO <IO

Total phosphorus, pg/L as P 43 39 70 50 70 100 100

Soluble reactive phosphorus, pg/L as P 33 33 30 45 38 70 76

Chloride, mg/L as Cl __ __ __ 1.4 1.3 I .9

Silica, mg/L as SiOz __ _- __ 32 32.7 38 42.2

Alkalinity, mg/L as CaC03 __ __ __ 25 25.5 31 31

indicate possible biases in the environmental data, it was not pos-
sible to adjust either the USGS or PacifiCorp’s  data to account for
these differences. Both data sets are used together in this report,
and possible discrepancies due to data differences are noted
where relevant.

During the July 1995 synoptic survey, one site (COPEG)
was sampled for nutrients twice (3 days apart). This site was
considered critical to the integrity of mass balances developed for
nutrients during the synoptic survey because it is close to Soda
Springs powerhouse, which is the source of water to the Wild and
Scenic reach; it is also the most upstream site in the main stem
where the entire cross section can be accessed by cableway.
Hence, these results were a potentially important indicator of
temporal variability of nutrient input to the main stem. The main
differences noted were a decrease in phosphorus concentrations
and an increase in the ammonia concentration between the first
and the second sampling (Appendix A). These data and their
implications are discussed in the nutrient section of the report.
Replicate samples from 1993 for nutrients and trace elements in
water and for trace elements and chlorinated organic compounds
in bed sediment indicate good precision for all constituents
(Appendixes B and C) and do not warrant further discussion.

Algae

The often patchy growth of periphyton (Cazaubon and
others, 1995) increases variability in algal sampling. All
chlorophyll a and AFDM samples were analyzed in triplicate to
characterize analytical variability. The triplicate samples
analyzed for AFDM had acceptable reproducibility (median
relative standard deviation 20.8%) with a few exceptions.
Samples containing filamentous green algae had higher standard
deviations for chlorophyll a and AFDM.

To investigate variability due to sampling technique, two
replicate periphyton samples for taxon identification and
enumeration were collected by different methods and by different

individuals from a riffle at NURCR. Rocks were selected using a
deliberate, representative technique in replicate I (identical to the
method used at the other nine sites) and by selecting rocks
randomly for replicate 2. This comparison allows an assessment
of the inherent variability when comparing algae data among
sites. It represents a worst-case comparison because of the
differences in methods and individuals for selecting rocks.
Finally, slide preparations of diatoms from three sites (COPEG,
STEAM, and NURCR) were each analyzed by the two contract
laboratories for comparison.

The two replicate algae samples collected by different
individuals from NURCR show that all four measures of algal
abundance (table 7) were consistently higher in replicate 1 than
in replicate 2. Rocks sampled for replicate 1 at NURCR and at
all the other sites were selected to represent a range of condi-
tions (depth, water velocity, algal abundance). Replicate 2
was collected in the same riffle as replicate 1, but rocks were
randomly selected. Despite the intrasite variability, however,
the differences in algal biovolume in the replicate samples were
small compared to differences among sites (Appendix E); for
instance, algal biovolumes at the hydroproject sites were
approximately 5-l 5 times higher than those in replicate 1
at NURCR.

The differences in algal abundance between the two replicate
samples were primarily due to differences in algal community
composition. Thirty taxa were identified in replicate 1 compared
with 43 taxa in replicate 2 (Appendix E). Comparisons between
environmental tolerances of the algal communities (autecological
guilds) from the replicate samples were, however, similar with a
few exceptions. The percent relative biovolumes of nitrogen
fixers and alkaliphilic taxa in replicate 2 were each about 60%
higher than in replicate 1 (table 7). This difference was attributed
to a higher biovolume  of Epithemia sp. (a large nitrogen fixing
and alkaliphilic diatom) in replicate 2 (Appendix E). The relative
densities of guilds from the two samples were also similar.

For both multivariate analyses (TWINSPAN and CCA),
replicate 1 from NURCR was used because this sample was
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Table 7. Quality-assurance data for algal abundance (chlorophyll a, ash-free dry mass [AFDM], total biovolume, and total cell density),
and percent relative biovolumes and densities of autecological guilds from two replicate samples from the North Umpqua River above
Rock Creek, Oregon, July 1995
[In replicate I, rocks were purposely selected to represent the range of conditions observed. In replicate 2, rocks were selected at random. by a different individual.
Autecological guilds are defined in table IO. mg/m2,  milligrams per square meter; g/m*, grams per square meter; pm’icm*  x I 07, thousands of cubic micrometers
per square centimeter; %, percent; <, less than]

Measure

Chlorophyll a (mglmL)

A F D M  (g/m’)

Total biovolume (pm3/cm2  x I 03)

Total density (number of cells)

Algal abundance

Replicate 1 Replicate 2

59 30

8.4 3.4

1.4x IO5 I.1 X I05

3.3 X I03 2.2 x I03

Relative biovolume (%) Relative density (%)

Algal guIlda Replicate 1 Replicate 2 Replicate 1 Replicate 2

Nitrogen fixers 36 58 92 91
Nitrogen heterotrophs 4 4 2 2
Eutrophic taxa 25 I7 4 3
Oligotrophic taxa 3 I I <I

Alkaliphilic taxa 38 63 3 3
Cold-water taxa 2 <I <I 0

aSome species are in more than one guild, so the sum of the percentages of biovolume or density are not expected to total IO0 percent.

collected in the same manner as those at the other nine sites. To
reduce the number of taxa input to the multivariate analysis, a
minimum criterion of 1% of the total site biovolume was
established, which reduced the number of taxa from 99 to 60.

The slide preparations of diatoms, from COPEG, STEAM,
and NURCR, as analyzed by the two contract laboratories, did
have some differences. Discrepancies concerning the taxon
names reported by Aquatic Analysts were resolved by renaming
these taxa to agree with the Philadelphia Academy of Natural
Sciences results. For example, the genus Fragilaria has been
split into six genera (Williams and Round, 1987),  two of which
were found in this study. Taxon  presence and percent densities
between the two laboratories also had some differences that
might be attributable to the numbers of cells identified by each
(see p. 18). In general, the differences could be resolved, and it
was determined that the two data sets could be merged, as
described previously.

To assess the spatial variability of algal biomass, three
periphyton samples were collected from BSODA: (1) one sample
representative of rocks with moderate to light growth for that
site, (2) one sample using the standard, representative rock
selecting technique as at all other sites, and (3) one sample
representative of abundant algal growth. Chlorophyll a from
these samples were 187, 209, and 440 mg/m2,  respectively and
AFDM was 5 1, 68, and 395 g/m2, respectively. These data
confirm that the standard sample had biomass values
intermediate between the light and heavy samples, and illustrate
the lack of uniformity in algal growth along the riverbed at this
site. Periphyton abundance determined from the standard
technique at BSODA was more similar to rocks having only
moderate growth. The high concentrations of chlorophyll a and
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AFDM from rocks with abundant growth, in particular, reflect
the thick filaments of green algae, which were about 6 inches
in length. The AFDM from this sample was disproportionately
high (395 g/m2), possibly reflecting the accumulation of dead
organic matter within the algal mat. The triplicate samples
analyzed for periphyton and phytoplankton chlorophyll a had
good reproducibility; median RSDs  were 7.8% and 4.0%,
respectively.

RESULTS

Results of the individual types of water-quality measure-
ments and analyses are described in the following sections,
with special emphasis on the synoptic survey in July 1995.
Water-quality data from the survey are compiled in Appendix A,
and data from previous years are compiled in Appendix C. Inte-
gration of these results and their potential interrelations are
explored further in the “Relations of Water Quality and Algae to
Resource Management” section of this report.

Hydrologic Conditions

Flow conditions in the North Umpqua River Basin are pri-
marily controlled by the interaction of four factors: (1) seasonal
cycles of snowfall and snowmelt  in the upper elevations, (2)
ground-water input in the upper elevations, (3) seasonal cycles of
winter rain and warm, dry summers in lower elevations, and (4)
the hydroproject and its associated diversions and regulation of
flows. As a result of the combination of these factors, the main
stem of the North Umpqua in the Wild and Scenic reach has a



relatively high stable flow during summer, despite low flows in
most tributaries. The Wild and Scenic reach also can have
extremely high flows during winter that result from heavy rains
or periods of rain on snow.

Temporal and Spatial Variability

The effect of elevation and snowfall on the timing of runoff
at selected gaging stations in the North Umpqua River Basin is
illustrated qualitatively in table 8; a site in the forested region of
the South Umpqua River, which gets very little snowmelt
(Rinella, 1986) is included for comparison. The table is arranged
by elevation from highest to lowest sites, with the exception of
the station at the South Umpqua River near Tiller. Several dis-
continued sites, such as the North Umpqua River above Rock
Creek (currently the NURCR site), and North Umpqua River
near Glide (NUGLD), that provided streamflow information prior
to the construction of the hydroproject, are included to indicate
historical runoff patterns. Data from the Little River at Peel are
included because they represent the best record of long-term flow
in the Little River system. It is recognized that the periods of
record for these discontinued sites do not include recent years
and climate conditions; therefore, records from these sites are not
directly comparable to records from current gaging stations.

The amount of average annual runoff that occurs during the
winter at sites listed in table 8 ranges from about 40% at Clear-
water River (snowmelt and ground-water controlled) to over 80%
at the downstream sites (rainfall controlled). The streams with
the highest amount of winter runoff are Steamboat Creek and Lit-
tle RiverGhe  two streams with entirely unregulated flow and the
lowest elevation watersheds. These streams also are in the most
heavily logged subbasins in the study area. The percentage of
annual winter runoff for the years 192445 at NURCR, where the
river carries the combined flow of the upper North Umpqua River
and Steamboat Creek, was intermediate to the percentage
recorded at upstream sites and at Steamboat Creek. These differ-
ences are large enough that their magnitude is probably indepen-
dent of the differences in periods of record.

Also evident from table 8 is the effect of diversions within
the hydroproject on the timing and magnitude of downstream
flows. Annual average flows at the Clearwater River gaging sta-
tion (within the Clearwater No. 1 bypass reach) were reduced by
almost a factor of 10 after diversion, and the percentage of winter
runoff also was decreased.

Summer flows in the bypass reaches of the principal rivers of
the hydroproject (illustrated in fig. 1 by the flow at LEMlG) are
reduced by diversion to the minimum permitted amounts (table
1) plus ground-water inflows. Reductions of flow in the bypass
reaches during summer has occurred downstream from each of
the other major dams and diversions within the hydroproject area
in a manner similar to that observed at LEM 1 G. Analysis of flood
frequency by PacifiCorp (1995a,  volume 3) for the bypass reach
downstream of Lemolo Lake and in the Clear-water River down-
stream of Stump Lake indicates that post hydroproject peak flows
with recurrence intervals of 1.05 to 2 years had been reduced to
47% to 85% of prehydroproject peak flows of the same recur-
rence intervals. Peak flows at LEM 1 G with intermediate recur-
rence intervals (5-l  0 years) do not appear to have been greatly

affected by regulation, presumably because of the low flood-stor-
age capacities of the reservoirs. Analysis of long-term peak flows
at LEM1T (20-100 year recurrence intervals) indicates signifi-
cant increases after reservoir construction; however, this apparent
anomaly could have been caused by the short periods of record
involved or by irregularities in the statistical analysis of peak
flows (PacifiCorp,  1995a,  volume 3). The combination of
reduced summer flow and reduced peak flows could have an
effect on the composition of the biological communities in the
bypass reaches (Wooten  and others, 1996),  a factor that is dis-
cussed in more detail later in this report.

The effects of snowmelt  and the relative magnitude of flows
entering the Wild and Scenic reach during the period of data col-
lection encompassed in this report are also illustrated in figure 1.
Tributary inputs notwithstanding, discharge throughout the Wild
and Scenic reach during summer low flow (June to October) is
well described by the Aow at the North Umpqua River above
Copeland Creek (COPEG) streamflow-gaging station and is
dominated by releases from Soda Springs Reservoir. Mean daily
flow at COPEG during June to October is about 1,100 ft3/s (Mof-
fan and others, 1990) although there can be daily fluctuations in
flow of more than 50 ft3/s resulting from changes in releases from
the hydroproject in order to meet power demands. Contributions
of flow from Steamboat Creek (approximately 134 ft3/s) and
other tributaries in June through October are relatively small. In
contrast, peak discharge during the winter can be substantially
higher in Steamboat Creek (STEAM) than at COPEG, primarily
as a result of rainfall at the lower elevations (upstream of
STEAM) and snowfall at the higher elevations (upstream of
COPEG). Short residence times at impoundments within the
hydroproject area prevent the impoundments from providing
large amounts of flood-storage capability, except at Lemolo
Lake, which is drawn down during the winter and thus has
greater capacity to absorb floodwaters.

In order to meet the objectives of the July 1995 synoptic sur-
vey, steady low flows were required, particularly downstream of
Soda Springs. Steady flow was necessary to facilitate mass bal-
ancing of flows and constituents, whereas low flows were neces-
sary to achieve worst case conditions in order to properly assess
the effects of benthic metabolism on water-quality characteristics
such as DO and pH. To that end, PacifiCorp agreed to hold flows
from Soda Springs Reservoir as steady as possible for the dura-
tion of the study. Flows during the survey (July 24-29, 1995) and
the entire month of July are illustrated in the inset in figure 1.
Although it is clear that the desired steady flows were achieved
during the week of the study, it is also evident from the record at
COPEG that main-stem flows in the summer can be variable.
Thus, the flow conditions experienced during this study were not
typical of summer flow conditions, and therefore the effect of
temporal flow changes on water quality were not specifically
addressed.

Flow-duration analysis at the three sites shown in figure 1
indicate that the flows experienced during the synoptic survey
were reasonably low (fig. 3) except at LEMlG. The flow record
at NURCR, which is the site at which the greatest amount of data
have been collected, was simulated by summing flow records at
STEAM and COPEG to provide information about flow condi-
tions during other sample collection periods. Most of the summer
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Table 8. Annual discharge statistics for selected sites within the North Umpqua River Basin, Oregon, including the South UmWua
River at Tiller, Oregon, for comparison
[Data Sources: A, U.S. Geological Survey’s Waler Information Storage and Retrieval (WATSTORE) system; B, Moffatt and others (1990); C, U.S. Geological
Survey ( 1994). pre. pre-power diversion; post. post-power diversion;
I91 9 to 1928. ft. feet; ft3/s, cubic feet ner second; mi’. square miles1

*, The period of record for North Umpqua River  at Glide includes a gap in record from

Station Average annual streamflow, in ft3/s Percent of
(USGS station Drainage average annual
number, site Data area Elevation Period of Minimum Maximum streamflow between

acronym) source (mi2) (ft) record (year) Mean (year) November 1 and April 30

Clearwater River
above Trap Creek
( 143 14500)

North Umpqua River
above Copeland  Creek
(143 16500),  COPEG)

Steamboat Creek near
Glide (14316700,
S T E A M )

North Umpqua River
above Rock Creek
(14317500,  NURCR)

Little River at Peel
( I43 I 8000, LTGLD)

North Umpqua River
near Glide ( I43 18500,
N U G L D )

South Umpqua River
near Tiller (I 4308000)

41.6 3.862.8

475 1,580

1928-52
(pre)

I95695
(post)

l94Y-94 897 1,460

220

45.3

2,080 58.0

227 1.128.5 1 9 5 7 - 9 4 239 714 I.253 85.6

886 770 192-5 I.390 2,260 3,960 69.6

177 832

1,210 645

1954-87 I58 472 806 85.0

1916-3x*

1940-94

I . 8 8 0

449 992 268

3,110

1,009

4,280 82.1

I.762 83.2

II4 155

5.9 17.6

49. I

37.6

samplings at NURCR, including those in July 1995, have
occurred at flows that are exceeded approximately 7&99%  of the
time. Samples have not been collected during the highest flows
typical of these rivers; however, flows during the December 89,
1993, reconnaissance sampling which reflect the effects of a win-
ter storm, are exceeded only 20% of the time. Figure 3 also illus-
trates the effect of the dam at Lemolo Lake on flow at LEM1G,
where flows are usually less that 40 ft3/s except during winter
storms or canal maintenance periods.

Flow Balance

Because the transport of nutrients and other constituents is
determined by water movement in rivers, investigation of nutri-
ent sources depends on an understanding of the underlying flow
dynamics. The flow balance is determined by adding measured
sources (tributaries) to a measured starting value (main-stem site)
for a given reach, and comparing the sum to a measurement at the
downstream end of the reach. The resulting difference represents
the error associated with the measured inputs and indicates
potential unmeasured sources, such as ground-water or other trib-
utary inputs (if the observed is higher than the estimated), or
potential sinks, such as withdrawals for irrigation or intergravel
flow (if the estimated is higher than the observed). Given that
typical errors associated with flow measurements range from 2%
for an excellent measurement to over 8% for a poor measurement

(Rantz and others, 1982) it is reasonable to expect combined
errors of approximately 10% (or less) between the expected and
observed flow for a reach with upstream and downstream mea-
surements and at least one measured inflow.

Flow data for the Wild and Scenic reach of the North
Umpqua River were balanced for the period of the synoptic sur-
vey, using Soda Springs Reservoir as the upstream boundary and
Glide as the downstream boundary (fig. 4). Flow at sites up-
stream of the Soda Springs bypass reach (SODAT)  is indicated
for reference. With the complex routing of water through diver-
sion canals, penstocks, powerhouses, and various tributaries, no
attempt was made to balance flows within the hydroproject area.
In the flow balance, a measured main-stem discharge is added to
measured tributary input to estimate downstream main-stem dis-
charge, and that total is compared with measured discharge at the
downstream end of the indicated reach. The error is the differ-
ence between the measured and the estimated discharge. For
example, the estimated discharge at NUAPC (972 ft3is)  was cal-
culated as the discharge at COPEG plus the measured tributary
inputs from COPEM,  CALFM, and PANTM. Measured dis-
charge at NUAPC (972 ft3/s) was approximately 4.5% less, indi-
cating a small measurement error or a small loss of water within
that reach.

The Wild and Scenic reach of the North Umpqua River
achieves full flow below the Soda Springs powerhouse
(BSODA), and hence estimated flow is shown in figure 4 as
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EXPLANATION
- Exceedance curve for daily mean streamflow

0 Instantaneous streamflow during synoptrc sampling
from July 24-27, 1995

n Daily mean streamflow measured at North Umpqua River
above Copeland  Creek on date of water-quality
sampling at North Umpqua River above Rock Creek

A Simulated daily mean streamflow at North Umpqua River
above Rock Creek on date of water-quality sampling

Figure 3. Flow duration curves for three sites and simulated streamflow at one site in the North Umpqua River Basin,
Oregon, indicating streamflows during sampling dates.

starting abruptly at BSODA, between RM 69 and 70. Tributary
inflows are minor with the exception of Steamboat Creek
(STEAM), Rock Creek (ROCKM), and Little River (LTGLD).
Differences in the flow balance are in the range of 5 or 6% in
reaches between BSODA and NURCR, and there was a 10% dif-
ference between the measured and the estimated flow at NURCR.
Flow could not be measured at NUGLD due to equipment prob-
lems, so there is no way to ascertain the accuracy of the estimated
flow at that site.

Because computed differences between measured and esti-
mated flows were no greater than lo%,  the flow balance is con-

sidered to have provided a fair accounting of input sources of
water. This conclusion is further justified by the fact that the dif-
ferences were alternately positive and negative in sign, implying
random measurement variability rather than systematic underes-
timation or overestimation of flow. The 10% increase between
estimated and measured flow at NURCR could indicate the pres-
ence of an important ground-water input in the reach downstream
of Wright Creek (NUBWC), or it could the result of cumulative
measurement variability at NUBWC and NURCR,.

The general flow agreement was verified by using a balance
calculated for the load (mass transported per time) of chloride, a
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conservative constituent. Differences between measured and esti-
mated loads were very similar to those for discharge, with 5 to
6% differences in reaches between BSODA and NUBWC. The
difference between estimated and measured load between
NUBWC and NURCR was 10.5%,  the same as that calculated for
discharge in the same reach. In order for this difference to have
been the result of ground-water inflow, the chloride concentration
in the ground water would need to be within 1% of the chloride
concentration in surface water in that reach ( 1.6 mg/L). Data for
chloride in ground water along the Wild and Scenic reach are not
available; however, in the nearby Sutherlin area, chloride concen-
trations in ground water range from 2.3 to over 1,000 mg/L
(Robison, 1974). It is therefore unlikely that ground-water
inflows are responsible for the differences observed in flow and
chloride balances in the reach below NUBWC, and these differ-
ences are likely attributable to variability in streamflow measure-
ments.

Major Ions, Trace Elements, and Organic Compounds

A suite of major ions and trace elements in water was ana-
lyzed in high- and low-flow reconnaissance samples from 1993
and 1994, and trace elements were again analyzed at the fixed
site above Rock Creek (NURCR) in 1995. In addition, trace ele-
ments in bed sediment from the two sites originally sampled,
NURCR and the site near Wright Creek (NUBWC),  were ana-
lyzed in 1993 (Appendix C).

Major ions-Concentrations of both anions and cations are
low in the North Umpqua River. Total dissolved solids (TDS)
concentrations ranged from 39 to 60 mg/L in the four samples
from NURCR during 1993 and 1994, and concentrations were
equivalent at NUBWC and NURCR. Summer alkalinities at
NURCR and NUBWC were about 30 mg/L as CaC03 during
1993 and 1994. During July 1995 alkalinities ranged from a low
of 17 at the mouth of Lake Creek (LAKEM) to a high of 5 1 at the
mouth of the Little River (LTGLD), with a median of 27 mg/L as
CaC03.

Calcium and sodium were the predominant cations, account-
ing for about 40% and 30% of the total cationic charge, respec-
tively; magnesium comprised about 20%. Over 80% of anions
were present as bicarbonate (calculated from alkalinity values);
chloride and sulfate accounted for a little over 10% of the anionic
concentrations. Concentrations of all major ions, except sulfate,
were slightly reduced during the high-flow period sampled in
December 1993. Samples from NURCR and NUBWC had simi-
lar concentrations of major ions, and the two sites appear to be
equivalent with respect to inorganic constituents. No data are
available for major ions upstream of Steamboat Creek or within
the hydroproject area with which to make source comparisons.
Silica concentrations during low flows were identical at NUBWC
and NURCR (25 mg/L) from 1993-95. Silica decreased in a
downstream direction throughout the basin during 1995, most
likely reflecting a combination of dilution from tributary inputs
and uptake by diatoms for incorporation into their fiustules.

Concentrations of dissolved and suspended organic carbon
were also low at NUBWC and NURCR during 1993 and 1994.
During the summer samplings the median dissolved organic car-

bon (DOC) concentration was 0.8 mg/L, with no appreciable dif-
ferences between sites, and the median suspended organic carbon
(SOC) concentration was approximately 0.4 mg/L. During the
December 1993 high-flow sampling, DOC values were consider-
ably higher, 3.4 and 3.8 mg/L at NUBWC and NURCR, respcc-
tively. SOC values were only marginally higher at high flow (0.6
and 0.8 mg/L, at the two sites  respectively).  No data are available
for comparison at other sites in the basin or in previous years;
however, total organic carbon (TOC) was measured in the fall of
1994, in water overlying spawning beds in bypass reaches down-
stream from Soda Springs Reservoir, the Slide Creek and Clear-
water No. 2 diversion structures and in the full-flow reaches
downstream of the Lemolo No. 2 powerhouse and in the Wild
and Scenic reach. TOC concentrations were generally low
(median 0.9 mg/L) and ranged from less than the detection limit
to 3.1 mg/L (PacifiCorp,  1995a,  volume 2 1).

Trace elements and pesticides in water-Although
filtered-water trace-element concentrations were near the mini-
mum reporting levels (MRL), arsenic (1 pg/L), barium (3 pg/L),
manganese (2 pg/L), and aluminum (4-9 pg/L)  were consistently
detected in the four low-flow samplings. No unfiltered samples
were analyzed for trace elements. As with major ions, concentra-
tions of trace elements were essentially identical at NUBWC dur-
ing the initial samplings in 1993. Interestingly, arsenic was not
detected at either NURCR or NUBWC during the high-flow sam-
pling in December 1993. Barium and manganese were essentially
unchanged at high flow. Additional trace elements detected at
high flow were copper (2 pg/L) and nickel (I pg/L). Aluminum
(153-167 pg/L) and iron (87-100 pg/L)  were substantially
higher at high flow, which could be a result of colloids (not
present at low flow) passing through the 0.45~pm  pore-size fil-
ters. Zinc was detected at both sites in 1993 during both low and
high flow. After correcting for the possible contamination noted
previously (see Quality Assurance section), zinc concentrations
were above the MRL only in the two samples (low and high flow)
at NUBWC in 1993. Because of the lack of detections in any
other trace-element samples, it is unknown whether the reported
zinc concentrations at NUBWC were the result of contamination.
Mercury, which is found in geologic formations in other parts
of Douglas County and in the nearby Coast Fork Basin of the
Willamette River, was not detected at the relatively high MRL
of 0.1 j.lg/L.

Of the detected trace elements, arsenic is perhaps the most
significant because it is a human carcinogen, and because the
river is used for drinking water by some people. On the basis of
few data (detections of 1 pg/L in each of four low-flow samples),
there may be a concern for human health in the basin. The U.S.
Environmental Protection Agency’s (USEPA’s)  Risk Specific
Dose Health Advisory for arsenic, a cancer-oriented advisory
level that is based on a lifetime consumption rate of 2.1 quarts of
water a day for a 154-pound  adult, and that indicates a 1: 10,000
risk level, is 2.2 pg/L. The USEPA’s  criterion for water and fish
consumption, which assumes consumption rates of 2.1 quarts of
water per day and 1.6 ounces of fish per week for a 154-pound
adult, and uses the same 1: 10,000 risk level, is 0.22 pg/L (U.S.
Environmental Protection Agency, 1996). Given the 1 pg/L
arsenic concentration measured in water, the cancer risk level can
therefore be considered to be between 1:5,000  and 1:20,000,  for
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people whose drinking-water source is the North Umpqua River
and who regularly eat fish from the river. These results do not
necessarily mean that similar concentrations will be found down-
stream or in treated water.

The source for arsenic in North Umpqua River water is
unknown; however, arsenic is commonly derived from geologic
sources in volcanic regions such as the North Umpqua River
Basin. Although concentrations in bed sediment were lower in
the samples from NURCR and NUBWC (see below) than in sed-
iment samples from four small tributaries to Steamboat Creek,
there were no detections of arsenic in low-flow samples from the
Steamboat Creek sites (Rinella, 1998). Likewise, there were no
detections of arsenic in water samples collected from five sites
within the hydroproject area in October 1993 (PacifiCorp,  1995a,
volume 2 1). Additional testing of water from other tributaries, or
farther up the main stem, and investigation of arsenic concentra-
tions in well water, may be warranted to determine arsenic
sources to the river.

Of the 87 pesticides analyzed in high-flow samples from the
Wright Creek and Rock Creek sites in December 1993, none
were detected. Historical records indicate that the herbicides
simazine (Princep), atrazine, 2,4-D, 2,4,5-T, and triclopyr had
been periodically applied within the forest for vegetation man-
agement along roads and after clear cutting; however, that prac-
tice was discontinued in the 1990’s. Because of the lack of
detections, sampling for pesticides was not repeated after
December 1993.

Trace elements and chlorinated compounds in bed
sediment-Trace-element concentrations in bed sediment,
which were determined primarily in the fine fraction (less than
63-pm diameter grain size), indicate a possible slight enrichment
by phosphorus from natural sources (Appendix C); however, data
sets with which to make a comparison are scarce. Phosphorus
constituted roughly 0.16 grams per 100 grams of stream sedi-
ments (0.16%) in the North Umpqua River during 1993. One
source of streambed-sediment data for comparison is the USGS
National Water-Quality Assessment (NAWQA) Program, from
which data are available from the Willamette River Basin just
north of the North Umpqua River Basin (Frank Rinella, U.S.
Geological Survey, unpub. data, 1997) the Yakima River Basin
in the eastern Cascades of Washington (Fuhrer and others, 1994)
and a summary of NAWQA studies nationwide (Karen Rice, U.S.
Geological Survey, written commun., 1998). Phosphorus in stre-
ambed sediments from the North Umpqua River was roughly
equivalent to the 80th,  90th,  and 75th percentile concentrations of
phosphorus in these data sets, respectively. Concentrations in the
streambed sediments also were equivalent to the 95th percentile
of phosphorus concentrations in western soils, based on a com-
parison with a large data base of trace-element concentrations in
soils across the Western United States (R.C. Severson, U.S. Geo-
logical Survey, written commun., 1987, from data presented by
Shacklette and Boemgen, 1984). The western soils data, how-
ever, are for dry soils rather than streambed sediments, and are
based on a larger size fraction (less than 2 mm) than the stre-
ambed-sediment samples from the North Umpqua. Nonetheless,
these results suggest that phosphorus tends to be somewhat ele-
vated in streams draining the Cascade Range and the North

Umpqua River Basin, in agreement with previous conclusions
based on water-quality data in the hydroproject area.

As with the water samples, mercury was not detected in the
bed sediments. Aside from phosphorus, the only other elements
that had concentrations consistently exceeding median concen-
trations in the Willamette, Yakima, and national NAWQA data
sets were antimony, selenium, and arsenic.

Several of the observed trace-element concentrations in bed
sediment exceeded available reference levels for potential
adverse effects to benthic organisms. Lowest Effect Levels
adopted by New York State (New York State Department of
Environmental Conservation, 1994) and the Ontario Ministry of
the Environment (Persuad and others, 1993) for arsenic, chro-
mium, copper, manganese, and nickel are 6, 26, 16, 460, and 16
milligrams per kilogram (mgikg), respectively; average concen-
trations for these elements in the North Umpqua River sediment
were 8.6, 6 1, 24, 835, and 44 mg/kg, respectively. In addition,
chromium was higher than the guideline value (20 mg/kg) used
by the State of Oregon to evaluate disposal of dredge material
(Oregon Department of Environmental Quality, 1990). Of these
trace elements that are potentially elevated in bed sediments,
only arsenic, copper, manganese, and nickel were detected occa-
sionally in the water-column samplings for trace elements in fil-
tered water (Appendix C); however, concentrations were below
water-column guidelines. Detections of arsenic at relatively high
concentrations in the bed sediments reinforces the validity of the
detections in the water column. Arsenic is also found in relatively
high concentrations in ground water in the adjacent forested
watersheds of the Willamette Valley near Eugene (Hinkle, 1997)
and it is likely derived from geologic sources in the volcanic
rocks of the Cascade Range.

No chlorinated organic compounds were detected in the
bed-sediment samples. This is most significant with respect to
PCBs  because PCBs  were used historically as insulating com-
pounds in electrical transformers and could potentially have been
used in or released from the hydroelectric facilities (PacifiCorp,
1995a,  volume 21).

Nutrients

The major nutrients of concern in algal or eutrophication
studies are typically nitrogen, phosphorus, and sometimes car-
bon. The dissolved inorganic forms, which include ammonium
nitrogen (NH4+),  nitrite plus nitrate nitrogen (NOTE’ + NOj-), and
orthophosphate (PO43-)  are generally considered to be the most
available for algal growth. From a thermodynamic standpoint,
the preferred forms are NH4+  and P043-;  however, other forms,
such as polyphosphates and organically bound nitrogen, are
assimilated in various amounts depending on the nutrient status
of the water (Wetzel, 1983). In this report, the combination of
orthophosphate, some dissolved polyphosphates, and colloidal
phosphorus, which are not distinguished in the analytical proce-
dures used, is referred to as soluble reactive phosphorus (SRP).
Typically, SRP is dominated by orthophosphate.

Although the growth of algae and other aquatic organisms
can be limited by any one of many physical, chemical, and bio-
logical factors (especially light, available substrate, temperature,
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and carbon), the lack of available nitrogen or phosphorus is most
often cited as the limiting factor (Welch, 1992). Nutrient limita-
tion occurs if demand for nutrients exceeds available supply,
whereas colimitation occurs when two or more resources are
simultaneously limiting. In the North Umpqua River Basin, ini-
tial data analysis indicated that inorganic nitrogen concentrations
were potentially low enough to be limiting (U.S. Geological Sur-
vey, 1994, 1995; PacifiCorp, 1995a).

Nitrogen-Nitrogen, in any form, was mostly nondetect-
able during the July 1995 synoptic survey. Of the 32 water sam-
ples from all sites (including those collected by PacifiCorp), there
were a total of 5 detections for TKN, and 4 detections each for
NH4+  and NO,-. In the main stem of the Wild and Scenic reach,
only one sample (the second sample at COPEG) had detectable
nitrogen (14 pg/L of NH4+).  Most of the detected nitrogen was
from six sites within the hydroproject area (Appendix A, table
Al ; Appendix D, table Dl). These sites are CLRAS, LEM1T,
TOKET, LAKEM, FISHA, and LEM2B. Of these concentra-
tions, all but a high TKN observed at LEM2B were close enough
to the analytical detection limits that they could either represent
actual concentrations or false detections. The reported TKN con-
centration at LEM2B was 1,600 pg/L, a value that is higher than
any previously documented by PacifiCorp in the North Umpqua
River Basin. Detections of nitrogen in the tributaries downstream
of the hydroproject area were limited to 200 pg/L TKN at each of
BOULM and SUSNM, 39 pg/L of NH,+ at SUSNM, and 2 pg/L
of NH4+  at COPEM. The lack of detections is consistent with
data from NURCR in samplings from 1993-94  (Appendix C).
Concentrations were also low during those samplings, although
NO;  and NH4+  were detected at various concentrations below 20
pg/L. In previous studies, TKN has been occasionally elevated,
relative to concentrations reported in this study, downstream
from Stump Lake (possibly attributable to springs in Stump
Lake) and at depth in Lemolo and Toketee Lakes (T. Olson, Paci-
fiCorp, written commun., 1997).

The scarcity of nitrogen in the waters of the North Umpqua
River Basin implies that the algae in the river are potentially
nitrogen limited, and hence any form of nitrogen could be impor-
tant. To further explore this finding, uncensored data (including
original NWQL data below the MRLs) for TKN and TDN sam-
ples submitted by the USGS were obtained from the NWQL
upon special request. Such data are inherently variable and have
a high degree of uncertainty associated with them because there
is no quality assurance for sample concentrations below the
MRLs. For concentrations between 100 and 200 pg/L, however,
there is a greater degree of confidence than for those less than
100 pg/L (Charles Patton, U.S. Geological Survey, written com-
mun., 1996),  and, in fact, the NWQL lowered the MRLs for TKN
and TDN to 100 pg/L in 1997.

Using the uncensored TKN data qualitatively, the median
concentration at the six most upstream sites sampled by the
USGS (LAKEM, INLET, LEM 1T, TOKET, SODAT,  and
BSODA) was estimated to be around 100 pg/L, and the median
TDN concentration was less than 50 pg/L. The highest of these
TKN concentrations, at LAKEM, was between 150 and 200
pg/L, which supports findings from previous investigations that
have consistently reported concentrations of organic nitrogen
between 200 and 600 pg/L in Lake Creek (Salinas and Larson,

1995; PacifiCorp, 1995a,  volume 23; Dallas Hughes, U.S. Forest
Service Memorandum to Pacific Power and Light, written com-
mun., 1971). Uncensored TKN data from SODAT  and TOKET
were also somewhat high (estimated to be between 100 and 150
pg/L). For main-stem sites downstream from the hydroproject
area, the median estimated TKN concentration was between 50
and 100 pgIL, with the highest occurring during the second sam-
pling at COPEG. Three sites immediately downstream of
impoundments, LEM 1 T, TOKET, SODAT,  and to a lesser extent
COPEG, were among those likely to have concentrations of TKN
greater than 100 pg/L, an observation that will be explored later
in the report.

Phosphorus-Phosphorus is much more common in the
North Umpqua River Basin than inorganic nitrogen (fig. 5),
although concentrations may be considered low compared to
concentrations in streams with substantial anthropogcnic inputs.
TP, TDP (not shown in fig. 5), and SRP were detected in all of the
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Figure 5. Distributions of soluble reactive
and total phosphorus concentrations at
different site types in the North Umpqua River
Basin, Oregon, July 1995. (Main-stem sites
are those in the North Umpqua River down-
stream of Soda Springs Reservoir, not
including BSODA. Sites in the hydroelectric
project area but unaffected by project
operations [INLET, LAKEM, CLRAS, and
FISHA]  were included as tributary sites.)
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samples from July 1995, with median TP concentrations of 32,
12, and 50 pg/L in the main stem, tributary, and hydroproject
area, respectively. Concentrations at the main-stem sites had the
least variability and were intermediate between concentrations in
the tributaries and within the hydroproject area. The relatively
high concentrations observed in the hydroproject area are proba-
bly caused by a combination of factors, including the different
geomorphic origins of the water (a hydrogeologic unit located in
Quaternary-Tertiary volcanic rocks) compared with those of the
tributaries below the hydroproject area that originate at lower ele-
vations. Additional factors resulting in increased concentrations
could include in-reservoir nutrient processes, resuspension result-
ing from hydroproject operations, or erosion problems in the
hydroproject area (PacifiCorp, 1995a,  volume 42). The possible
high biases in PacifiCorp’s  data (see the Quality Assurance sec-
tion) may also have contributed to sites in the hydroproject area
having higher reported concentrations of phosphorus. The range
in phosphorus concentrations was equivalent between the tribu-
tary and hydroproject sites. This is largely due to the inclusion of
INLET (with high concentrations) as a tributary site, although
Rock Creek (ROCKM) and Susan Creek (SUSAM) each had rel-
atively high concentrations that contributed to the spatial vari-
ability of tributary phosphorus; in the case of Rock Creek, the
high concentrations could have resulted, in part, from the fish
hatchery just upstream of the mouth.

Phosphorus concentrations in the main stem showed a slight
but steady decrease in a downstream direction from Soda Springs
Reservoir to Glide (fig. 6). This observation is based on the anal-
ysis of the initial sample at COPEG and its relative agreement
with phosphorus concentrations from the nearby sites at BSODA
and SODAT.  However, if the decrease of 12 ug P/L between the
first and the second sample at COPEG accurately represents tem-
poral variability in the water released from Soda Springs, then
there is more uncertainty regarding the concentrations measured
at each main-stem site, and downstream changes in phosphorus
concentrations are more difficult to confirm. The variable, and
often higher, TP concentrations at the hydroproject area sites
upstream of BSODA are also evident in figure 6. SRP concentra-
tions in the study area had a similar pattern to those for TP.

Although slight, the decreases in phosphorus concentrations
in the main stem indicate potential phosphorus uptake by the
benthos, rather than dilution by tributary inflows.  Loading calcu-
lations indicate a small decrease in the SRP load between Soda
Springs and the terminus of the Wild and Scenic reach at
NURCR. The gross load change, accounting for tributary inputs,
is 28.4 kilograms per day or a loss of approximately 21% of the
original incoming load of 82 kilograms per day from Soda
Springs Reservoir. Given the apparent nitrogen limitation of the
river system, any phosphorus decrease is important, as it suggests
uptake and active algal growth, in confirmation of the observed
algal coverage on rocks in the river. Although at least a moderate
uptake of phosphorus from the algal growth might be expected,
these aspects cannot be verified from the data collected in July
1995 only.

The effect of the reservoir operations on temporal variability
in nutrient concentrations in the Wild and Scenic reach can be
evaluated by examination of reconnaissance data collected dur-
ing 1993-94 (table C3 in Appendix C). In 1993 and 1994, sam-

ples were collected under normal summer flow conditions, which
commonly included daily flow fluctuations from Soda Springs
Reservoir (fig. 1). In these circumstances, with potential
short-term changes in the characteristics of water entering and
being released from Soda Springs Reservoir (for example, origi-
nating in the upper North Umpqua River, Clearwater River, or
Fish Creek watersheds), and resuspension of sediments or algal
sloughing due to unstable main-stem flow. it is reasonable to
expect higher or more variable phosphorus concentrations or
more detections for nitrogen. Indeed, concentrations of NH,+
were as high as 30 ug/L at NURCR and IO ug/L at NUBWC dur-
ing September 1993, and were lower, but detectable, during July
and September at NURCR in 1994. As in 1995, N03- was not
detected during 1993-94 at either site. Meanwhile, phosphorus
concentrations were somewhat lower during 1995 than in previ-
ous years. TP was 50 and 40 ug/L at NUBWC and NURCR,
respectively, during 1993 and 1994, whereas it was 32 ug/L at
both sites in 1995. Other factors that could have contributed to
higher concentrations of both nitrogen and phosphorus during
1993 and 1994 include the possibility that upstream algal com-
munity metabolism is less in September and therefore requircs
less nutrients for cell maintenance. Algal decay and sloughing,
and nutrient remineralization also could account for the higher
fall concentrations.

There is a potential for nutrient enrichment from sewage in
seeps from failed septic systems near Toketee Lake (Memo from
Dallas Hughes, U.S.Forest Service, to Pacific Power and Light,
written commun., 197 1). as mentioned previously. The sampling
site downstream of Toketce Lake (TOKET) was one of the sites
in the hydroproject area at which TKN was detected. That a por-
tion of this source could still be contributing nutrients to Toketee
Lake is consistent with the abundance of eutrophic and het-
erotrophic algal taxa that was observed below the lake in July
1995 (see below).

Algal Conditions

Algae (particularly diatoms) are sensitive to environmental
conditions (habitat and water quality) in freshwater environments
(Pan and others, 1996; Kutka and Richards, 1996). Because they
have short life cycles, algae respond quickly to environmental
change and integrate conditions over time, as they remain
attached to the substrate. Algae are particularly sensitive to
changes in nutrient concentrations, pH, trace-element concentra-
tions, light, temperature, turbidity, and flow. Ecological require-
ments and pollution tolerances (autecologies) of various taxa
have been determined (see Schoeman, 1973; Lowe, 1974; Dam
and others, 1994) which together with the use of more traditional
measurements of biomass, has greatly facilitated the use of peri-
phyton communities to infer physical or chemical conditions in
rivers (Round, 199 1; Bahls, 1993; Gregory, 1993; Dixit and
Smol,  1994; Leland, 1995: Pan and others, 1996; Cuffney and
others, 1997). The following section makes use of both biomass
measurements and the autecological information provided by
algal communities in order to integrate physical and chemical
data with biological data in the North Umpqua River Basin.
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Periphyton Biomass

The different measures of algal biomass (chlorophyll U,
AFDM, and cell biovolume) were generally in agreement and
produced similar patterns among sites (fig. 7). Pearson correla-
tion between periphyton chlorophyll a and AFDM was signifi-
cant and positive (R* = 0.93; p< 0.00 I), whereas measures of
algal biovolume were more variable, relative to chlorophyll a and
AFDM, at some sites (TOKET, BSODA, and STEABB). These
sites were unique in their high abundance of filamentous green
algae or epithemiacean diatoms (Appendix E, table E2).

Periphytic algal growth was highest at sites within the
hydroproject area, with highest measured abundance generally
occurring at BSODA, downstream from the lowermost power-
house (fig. 7). Visual observations in September 1996 indicated
that growth at this site was representative of conditions down-
stream from each of the eight powerhouses. Long strands of fila-
mentous green algae covered the substrate immediately below
each powerhouse. In July 1995, chlorophyll a and AFDM at
BSODA were 209 mg/m*  and 68 g/m*, respectively, which
exceeds the concentration range (10&l  50 mg/m* chlorophyll a)
suggested by Welch and others (1988, 1989) and Biggs (1996) to
indicate nuisance conditions. The “heavy growth” quality assur-
ance sample collected from BSODA to evaluate “worst case”
abundances of periphyton contained 440 mg/m*  chlorophyll a,
which far exceeded this nuisance level. Hydroproject area sites
located in bypass reaches downstream from Lemolo and Toketee
dams (LEM 1 T and TOKET) had the next highest amounts of
chlorophyll a. Decaying periphyton covered the heavily embed-
ded cobble substrate at these sites.

Downstream from BSODA, channel coverage by periphyton
at the higher flow main-stem sites was reduced and more vari-
able, forming localized patches of dense growth. All three mea-
sures of algal abundance shown in figure 7 indicated that at
COPEG, 2 miles below BSODA, abundance was much less than
at the hydroproject area sites. Given the high algal abundance
at BSODA, it is possible that the sharp decline downstream
at COPEG was in response to reduced nutrient availability
resulting from the uptake of nutrients, particularly nitrogen,
by algae between BSODA and COPEG. This interpretation is
supported by an accompanying increase in nitrogen fixing
algal taxa (Nostocaceae and Rivulariaceae) at COPEG. Chlo-
rophyll a and AFDM concentrations in the North Umpqua River
downstream of Steamboat Creek (at NUSTM and NURCR) were
intermediate between those observed at BSODA and at COPEG.

Water chemistry, light availability, and algal biomass at the
two sites on the major tributaries to Lemolo Lake, LAKEM and
INLET, were distinctly different (Appendix A, table A 1; and
Appendix D, table D 1). LAKEM, which is approximately 10
miles downstream of Diamond Lake on Lake Creek, had lower
light availability (58% open canopy) than INLET (97% open
canopy), owing to the smaller stream width and dense riparian
vegetation, and a lower phosphorus concentration (11 ug/L).
Algal chlorophyll a at LAKEM (11 mg/m*)  was lower than at
INLET (82 mg/m*),  despite warmer afternoon water tempera-
tures at LAKEM (16.6’C)  compared with those at the springfed
INLET (8.8’C).  These data suggest that nutrients and light, and
not temperature, had a greater importance in controlling algal
biomass at those sites.

Substrate embeddedness, measured according to USGS
NAWQA protocols (Meador and others, 1993).  and algal cover-
age at INLET were also greater than at LAKEM. The greater
algal abundance and lower flow velocity at INLET ( 1.5 ft/s) com-
pared with those at LAKEM (2.5 ft/s) may also allow for deposits
of sediment to accumulate in the streambed, increasing the sub-
strate embeddedness.

The periphyton communities at both Steamboat Creek sites,
STEAM and STEABB, formed a thick golden biofilm that was
unique compared with algal coverages at the other eight sites.
Periphyton AFDM and algal biovolume at the upstream site
(STEABB) were more than twice those observed at the mouth
(STEAM). Chlorophyll a at STEAM, however, was slightly
higher than at STEABB.

Algal biomass in the North Umpqua River Basin. particu-
larly at sites in the hydroproject area, appears to be somewhat
higher than in the other major streams in the Western Cascades.
Gregory ( 1993) reported summertime pphyton  chlorophyll a
concentrations of 76, 72, and 2 1 mgim for the McKenzie, San-
tiam, and Clackamas Rivers, respectively. In the Bull Run water-
shed, in the northern Oregon Cascades, Clifton (1985) found that
chlorophyll a concentrations on plastic slide substrates averaged
17.1 mg/m2,  with a maximum chlorophyll a concentration of 68
mg/m* (N=97).  Median cell densities in the Bull Run watershed,
which is considered a pristine watershed and is the drinking-
water source for the city of Portland, were more than 2 orders of
magnitude lower than those found in the North Umpqua River
Basin (Appendix E, table E3). The streams sampled in the Bull
Run watershed were of a lower stream order (2-3) than those
sampled in the North Umpqua River Basin and would be
expected to have lower algal biomass (Vannote  and others,
1980); nevertheless, these data reinforce the observation that
algal biomass is higher at some locations in the North Umpqua
River than in many streams of similar order and aspect draining
westward from the Cascade mountains.

Phytoplankton Chlorophyll a

Water-column (suspended) chlorophyll a concentrations at
each of six sites sampled in July 1995 were low: the highest chlo-
rophyll a concentration (2.1 ug/L)  occurred at LAKEM, which
receives water from eutrophic Diamond Lake 10  miles upstream
(Salinas and Larsen, 1995). Suspended chlorophyll a concentra-
tions downstream from Lemolo Lake ( 1.5 ug/L at LEM 1T) were
similar to that found in September 1994 by PacifiCorp ( 1995a,
volume 22). Water-column chlorophyll a at LEM 1 T was proba-
bly periphyton-derived, rather than from actual phytoplankton
algae. Although no species data were collected to confirm this,
(1) flows in the bypass reach downstream from Lemolo Dam
result from hypolimnetic release within the lake (table l), (2) no
planktonic algal forms were detected in the periphyton sample
from LEM 1 T, and (3) the canyon in which LEM 1 T is located is
well shaded (39% open), which helps limit the survival of phy-
toplankton.

Periphyton Species Composition

A total of 99 distinct algal taxa from 5 Divisions were identi-
fied from 10 samples collected in 199495 (table 9). Diatoms
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Table 9. Number of algal taxa in major
Divisions from 10 sites sampled in the North
Umpqua River Basin, Oregon, 1994-95
[Algal  taxa are uniaue levels of taxonomic identification1

Algal Division (and common name) Number
of taxa

Bacillariophyta (diatoms) 98

Cyanophyta (blue-green algae) 12

Chlorophyta (green algae) 5

Rhodophyta (red algae) I

Chrysophyta (golden algae) I

Total number of taxa 117

represented 84% of the taxa, followed by blue-green algae
( 10%) green algae (4%)  and red and golden algae (less than 1%
each). Species richness (number of taxa) per site ranged from 1 S-
34. Species richness, however, increases with the numbers of
cells enumerated. Because samples from three of the sites
(COPEG, STEAM, and NURCR) were counted by the Philadel-
phia Academy of Natural Sciences (300 cells counted) compared
to 100 “algal units” counted in samples from the other 7 sites by
Aquatic Analysts, species richness values are not comparable
among sites.

Among all sites, diatoms and blue-green algae accounted for
most of the algal biovolume (more than 99%) and density (more
than 96%). Blue-green algae were most abundant at the three
main-stem sites (COPEG, NUSTM, NURCR) and STEAM,
making up more than 69% of the cell densities. Blue-green algae
were observed at all sites except TOKET and LEM 1 T, where dia-
toms (primarily) and green algae were found. Blue-green algae
are small and make up a relatively smaller proportion of the cell
biovolume compared to cell densities. For example, blue-green
algae comprised 97% of the density at COPEG, primarily Nosfoc
sp., but only 5 1% of the biovolume. Many of the blue-green
algae observed in this study have the ability to fix atmospheric
nitrogen (Fogg and others, 1973N  factor that is consistent with
the apparent nitrogen limitation in most of the study area.

Two diatom genera in the Epithemiaceae family (Epithemia
and Rhopalodia) were particularly abundant at six sites
(BSODA, STEABB, STEAM, NUSTM, NURCR, and INLET).
As mentioned previously, all species in this family have endo-
symbiotic coccoid blue-green algae that live inside the host dia-
toms and fix molecular nitrogen (Bahls and Weber, 1988; DeYoe
and others, 1992); their presence may indicate nitrogen limitation
(Power, 1990). Conditions that favor the growth of nitrogen-fix-
ing taxa include low concentrations of inorganic nitrogen and rel-
atively high concentrations of dissolved phosphorus, resulting in
low N:P ratios (Fairchild and others, 1985; Stockner and Short-
reed, 1988). However, two other diatom genera (Achnanthidium
and Cocconeis) that can indicate nutrient enrichment (Fairchild
and others, 1985) were present.

Filamentous green algae were detected in samples from
INLET, TOKET, and LEM 1 T. On the basis of field observations,
the filaments of green algae at TOKET were decaying and may

have been underrepresented in the cell counts from this site,
although sampling was accomplished by means of a Hess sam-
pler. No filamentous green algae were identified in the sample
from BSODA either, although field observations indicated that
growth of these forms were present, an observation that is consis-
tent with the high biomass at this site.

Autecological Guilds

Autecological guilds are groups of taxa that have special
attributes or that can be used as indicators of environmental con-
ditions. Guilds identified in this study include nitrogen fixers,
facultative nitrogen heterotrophs (which have the ability to
assimilate organic nitrogen as a source of both nitrogen and
energy), eutrophic taxa (indicative of waters having high nutrient
content), oligotrophic taxa (indicative of waters having low con-
centrations of nutrients), alkaliphilic taxa (occurring at pH values
near 7, with best development above 7) and cold-water taxa
(indicative of water temperatures below 15’C) (Lowe, 1974;
Dam and others, 1994). A summary of the percent biovolume,
percent density, and numbers of taxa in each autecological guild
from all 10 sites is presented in table 10. Note that some species
are in more than one guild (for example, some nitrogen hetero-
trophic taxa also are classified as eutrophic, see Appendix E). For
this reason the sum of the percentages may exceed 100% when
percent abundances of different guilds are compared to illustrate
gross differences or patterns.

Spatial Variability

All sites sampled contained a relatively high proportion
of alkaliphilic taxa (23-97% relative biovolume); whereas
eutrophic taxa, although less abundant, were also found in
moderate-to-high proportions (1 O-7 1% relative biovolume).
Nitrogen-fixing taxa were also abundant, particularly at main
stem and Steamboat Creek sites, whereas eutrophic and nitrogen
heterotrophic taxa were more abundant at the hydroproject sites,
particularly below impoundments (LEM 1 T and TOKET).
Cold-water taxa were most abundant in the hydroproject
area and at INLET, most likely as a result of greater shading
and ground-water influences at those sites.

Seasonal Variability

Data from July 1995 provide indications about the algal
community composition for only one point in time, and do not
indicate successional patterns in the algal species. Data from
NURCR during July and September 1994 can, however, provide
an indication of temporal variability in species composition and
algal biomass. Algal biovolume nearly doubled between the two
sampling periods, whereas cell densities actually decreased
(Appendix E, tables E2 and E3), indicating that average cell size
increased. This phenomenon is best demonstrated by a shift in
the types of nitrogen-fixing taxa from small blue-green nitrogen-
fixing forms (for example, in the Family Rivulariaceae) to the
larger nitrogen-fixing diatoms (for example, in the Epithemia
sp. and Rhopalodia gibba). Cells of Epithemia sp. may be as
large as 3,000 pm3, whereas cells of blue-green nitrogen fixers
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Table 10. Relative percent biovolumes and percent density by autecological guild, and dominant algal taxa at sites in the
North Umpqua River Basin, Oregon, 1994-95
[Data from 1995 except where noted. Site acronyms are presented in table 4. Codominant guilds are shaded for each site. Relative percentages
calculated from taxa biovolumes (cubic micrometers/square centimeter) or density (cells/square centimeter). NF. nitrogen tixers, NH, facultative
nitrogen heterotrophs; E, eutrophic taxa;  0, oligotrophic taxa;  A, alkaliphilic taxa; C, cold-water taxa; %, percent]

Site
Autecological guild

NF NH E 0 A C

Relative biovolume (%)

All sites (I 995)
LAKEM
INLET

LEM1T
TOKET

BSODA
COPEG
STEAM

STEABB

NUSTM
NURCR
NURCR
(July 1994)
NURCR
(Sept. 1994)

LAKEM

INLET
LEM1T

TOKET Ulothrix sp.. Diatoma hiemale mesodon, Fragilaria vaucheria, and Melosira varians

32 16 47 2 75 25
I3 <I I6 40 23 9
27 3 35 I 67 23
IO I8 71 6 62 21
2 31 56 <I 88 53

78 4 13 2 86 I
81 <I IO 2 34 <I
56 <I I2 0 27 2
90 I 62 0 97 0
42 I IO 3 28 <I
36 4 25 3 38 2
26 I I 42 8 48 5

33 I3 51 4 60 I4

. .

60 I6 24 2 20 I

Dominant specres  In July 1995

Autecological guild

NF NH E 0 A C

Relative density (%)

53 8 27 I 30 9
2 2 28 21 24 8
4 I I
I 24
I I9

20 I7
97 <I
77 <I

54 I2

30 3

92 2

60 I 65
14 3 68
67 I 81
50 3 64

I <I I
2 0 2

33 0 73

16 5 15
4 I 3

I3
7

41
3

<I
0

0
I

<I
81 6 IO 3 I <I

Achnanthidium minutissimum, Gomphonema suhclavatum, Oscillatoria sp., and
Epithemia sp.

Nostoc sp., Epithemia sp., Fragilaria construens, and Cymbella mexicana

Gomphoneis herculeana, Epithemia sp., Fragilaria construens, and Nitzschia
fi-ustulum

BSODA

COPEG
STEAM
STEABB

Epithemia sp., Fragilaria construens, and Navicula cryptocephala

Nostoc sp., Rivularia sp., and Epithemia sp.

Rivularia sp., Oscillatoria sp., Nostoc sp., and Epithemia sp.

Epithemia sp., Rhopalodia gibba. Achnanthidium minutissimum. and
Encyonema minutum

NUSTM
NURCR
NURCR
(July 1994)
NURCR
(Sept. 1994)

Oscillatoria sp., Rivularia sp., and Nostoc sp.
Rivularia sp., Nostoc sp., Gomphonema rhombicum, and Epithemia sp.

Rivularia sp., Scytonema hoffmannii. and Epithemia sp.

Rivularia sp., Epithemia sp., Scytonema hoffmannii, and Gomphoneis herculeana

are typically less than 50 pm3.  The total biovolume of eutrophic
taxa and alkaliphilic taxa increased and the proportion of oligo-
trophic taxa decreased from July to September 1994 (table 10).
Several eutrophic algal taxa (for example, Diatoma vulgare,
Gomphoneis herculeana, Nitzschia,frustulum, and Synedra ulna)
increased 1.5 to 6 fold during this time period. Chlorophyll a
concentrations also were greater in July 1994 (246 mg/m2),  than
in September 1994 (34 mg/m*),  and were intermediate to these in
July 1995 (58 mg/m2)  (Appendix C, table C3). AFDM, which
was not determined in July 1994, was nearly four times higher in
September 1994 (28 g/m2) than in July 1995 (8.4 g/m2).
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Cluster Analysis

The TWINSPAN  classification identified distinct groups of
sites on the basis of biovolumes of algal taxa at each site (fig. 8).
The relative percent biovolume for three select guilds (nitrogen
fixers, facultative nitrogen heterotrophs, and eutrophic taxa) also
are indicated. TWINSPAN  split the original 10 sites into two
groups: (1) 5 sites located in the hydroproject area, which were
distinguished by the presence and (or) abundances of Melosira
varians and Nitzschia dissipata (both are eutrophic taxa, and the
former is also a nitrogen heterotroph), and (2) 5 sites located out-
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Figure 8. Cluster analysis from the Two-Way Indicator Species Analysis (TWINSPAN) and autecological guild summary
for sites sampled for benthic algal community composition in the North Umpqua River Basin, Oregon, July 1995.
(Indicator species are given for each classification level. Autecological guild data are given as percent relative
biovolume [cubic micrometers/square centimeter] as follows; NF, nitrogen fixers, NH, facultative nitrogen hetero-
trophs, and E, eutrophic taxa. Site acronyms are listed in table 4 and species are listed in Appendix E.)

side the hydroproject area (the 3 main-stem sites and the 2 sites in
Steamboat Creek) that were dominated by the nitrogen-fixing
Rivularia sp. The hydroproject sites were subsequently split into
two groups: (1) sites upstream of Lemolo Lake (INLET and
LAKEM), which had abundant Oscillatoria sp., and (2) three
hydroproject sites that had a variety of eutrophic taxa (Nitzschia
frustulum,  Nitzschia dissipata, and Fragilaria construens).  This
second group was further divided into low-flow sites located
downstream from dams (LEM 1 T and TOKET) and the full-flow
site downstream from Soda Springs powerhouse (BSODA). The
low-flow sites had the highest biovolumes of filamentous green
algae, nitrogen heterotrophic, and eutrophic taxa (fig. 8).

The sites located outside the hydroproject area (that is, group
2 after the first split) were separated on the basis of abundance of
the eutrophic species Cymbella a&is  at the sites in Steamboat
Creek (STEABB and STEAM) and NUSTM. This group of sites
was distinct from COPEG and NURCR, which had a different
assemblage (Nostocaceae spp. and Diatoma vulgare).  Sites on
Steamboat Creek were distinguished by Rhopafodia gibba and
Encyonema minuta, whereas NUSTM was dominated by Oscilla-
toria  sp. Note that Rhopalodia gibba is the one species classified
as both a eutrophic indicator and a nitrogen fixer, Although these
designations may seem contradictory, Rhopalodia gibba has been
found to be facultative, capable of thriving in alkaline waters
with high nutrient content, and adjusting in relative propor-
tion to the degree of nitrogen limitation by acting as a host to
nitrogen-fixing coccoid blue-green algal cells (DeYoe  and others,
1992).

Ordination of Sites, Algal Taxa, and Environmental Variables

The CCA triplot diagram in figure 9 shows a distribution of
sites based on (1) the taxon abundance (biovolume) shown by
taxon acronym and symbol, and (2) the environmental variables:
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dissolved, digested phosphorus (TDP), periphyton chlorophyll a
(Chl-a), flow (Flow), late afternoon pH (pH-pm), and late after-
noon water temperature (Temp-pm), shown by the arrows. The
length of the arrow is proportional to relative importance of the
environmental variable in describing the algal communities, con-
sidering all sites where algae were collected. To evaluate site or
taxon associations with a particular environmental variable, a
perpendicular line is drawn from the site or taxon to the arrow.
The relative position of the intersection of these lines indicates
the association, with stronger positive correlations occurring at
the tip of the arrowhead (or beyond) and stronger negative corre-
lations occurring at the opposite end (not shown). For example,
STEAM had relatively higher afternoon water temperatures,
whereas flow at TOKET was relatively smaller, compared to the
other sites. The algal taxa’s  association to the environmental vari-
ables can be examined in a similar fashion. The angle formed by
the arrow and the primary (X) or secondary (Y) axis indicates the
relative strength of the environmental gradient to each axis and
therefore its-importance in the separation of sites and species
along that axis. For example, pH-pm and TDP were the most sig-
nificant variables in describing variation along the primary axis,
whereas Chl-a and Temp-pm were the most significant variables
in describing variation along the secondary axis.

In general, the CCA ordination produced the same two
groups of sites as the TWINSPAN  analysis and separated the
hydroproject sites (LEM1T,  INLET, and TOKET) from the
main-stem and Steamboat Creek sites along the primary (X) axis.
The hydroproject sites (excluding BSODA) were associated with
high concentrations of phosphorus and chlorophyll a. These sites,
particularly LEM1T,  also were associated with eutrophic, nitro-
gen heterotrophic, and filamentous algal taxa. BSODA grouped
with the main-stem sites, primarily because of the high flows and
high abundances of Epithemia sp.
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Figure 9. Canonical correspondence analysis (CCA)triplot of  sites sampled in the North Umpqua River Basin,
Oregon, July 1995, based on algal taxa (biovolumes) and environmental variables. (Site acronyms are listed in
table 4 and species codes are listed in Appendix E. Environmental variables are defined as follows: TDP,
dissolved, digested phosphorus; Chl-a, periphyton chlorophyll a; Flow, instantaneous discharge; pH-pm,  late
afternoon pH;  Temp-pm, late afternoon water temperature.)

STEABB was unique for its high abundance of the nitrogen
fixer Rhopalodia gibba, and high water temperature and pH.
NUSTM, NURCR, and STEAM were also associated with high
pH values and the abundance of taxa that are intolerant of nutri-
ent enrichment (Gomphonema rhombicum and Nitzschia,frustu-
lum perminuta). LAKEM was not strongly associated with
main-stem or project sites, and plotted near the origin. This site
had a poor fit, indicating that the environmental variables used in

the ordination do not accurately represent species-environmental
relations for LAKEM.

Water Temperature, Dissolved Oxygen, and pH

During the July 1995 synoptic survey, an attempt was made
to measure water temperature, DO, and pH at the extremes of
their die1 variations. With a few exceptions at minor tributaries,
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sites measured by the USGS were generally visited from 6:0&
8:30 a.m. and from 3:0&6:30  p.m. to record their minimum and
maximum values, respectively. PacifiCorp operated Hydrolabs at
10 sites during the week long survey (fig. 2), deployed to record
these parameters hourly. These sites were located in the upper
North Umpqua/Lemolo  Lake drainage (INLET, LAKEM,
LEM2B, LEM2FF, and TOKLKI),  in the Clearwater River above
Stump Lake (CLRAS) and near the bottom of the Clearwater No.
2 bypass reach (CLR2B), and in Fish Creek above the diversion
dam (FISHA) and at the bottom of the bypass reach (FISHB).
PacifiCorp also maintained a Hydrolab monitor downstream
from Soda Springs Reservoir (at COPEG) during the survey.
Results of the USGS and PacifiCorp ( 1995b)  die1  measurements
are presented in figure 10. No morning data were available for
the North Umpqua River near Glide (NUGLD). The times of the
actual minimums and maximums appeared to be shifted towards
the middle of the day at sites in the upper elevations, and hence
the visitation times may not have adequately accounted for the
actual minimum or maximum values. Data from sites that were
logged with Hydrolabs by PacifiCorp are, in general, probably
more reflective of the actual minimum and maximum values for
the upper elevation sites.

Water temperature-Water temperatures exhibited a
warming trend from the headwater sites to Glide (fig. IO), as
would be expected because of the elevation change and the
greater influence of ground water at the high elevation sites. In
general, the magnitude of the die1  temperature fluctuation also
increased in a downstream direction. Although minimum temper-
atures in the main stem deviate somewhat from the temperatures
observed at BSODA, the daily maximum temperatures increased
from 13C at BSODA to 2 1 ‘C at NUGLD. This effect was par-
ticularly pronounced in the final 20 miles of the main stem,
where the canyon begins to open up downstream from Steamboat
Creek.

The highest afternoon temperatures occurred at the mouths
of Steamboat Creek (22S’C)  and the Little River (22.0°C),
which is consistent with their history of temperature problems
related to logging; however, the die1  change in temperature at
these (and most other tributary) sites was limited to 1 or 2’C.
Tributary sites along the Wild and Scenic reach were, in general,
slightly warmer than main-stem sites. The median die1  tempera-
ture change at main-stem sites was 3OC,  although sites immedi-
ately downstream from Soda Springs (SODAT,  BSODA, and
COPEG) had only nominal temperature changes. All main-stem
sites downstream from Steamboat Creek were warmer than
17.8’C, the proposed State of Oregon 1996 temperature standard
for streams with salmonids, by late afternoon. The presence of
State Highway 138, which constrains the channel and helps limit
riparian cover along the main stem, could partially contribute
to this warming. The largest die1  change observed at any site
was the approximately 8’C swing recorded by PacifiCorp at
LAKEM. The coldest water was observed at sites in the Clearwa-
ter River, which apparently has a large ground-water component
upstream of Stump Lake, and upstream of Lemolo Lake at
INLET (which is fed by both ground water and outflow from
upper-elevation lakes).

The highest temperature observed at the fixed site upstream
from Rock Creek (NURCR) in 1995 ( 19.5’C), was roughly
equivalent to the highest measured at the same site during 1993

and 1994 (2O’C).  According to the hourly monitor located 0.2
miles downstream (NURCM), warmer water temperatures in
1995 occurred only during the week following the synoptic sur-
vey. Slightly warmer temperatures, however, were recorded at
the monitor during mid-July in 1994. Although flows tend to be
lower during late August and September, data from the monitor
have not shown that water temperatures are higher at the lower
flows. The highest air temperatures and longest daylight hours
are in late June, and stream temperatures were highest in July of
both 1994 and 1995 (U.S. Geological Survey, 1995, 1996).

Monitor (NURCM) temperature values have shown good
agreement with temperatures measured across the stream cross
section at the nearby fixed site (NURCR). Temperatures recorded
at the monitor were within 0.5OC  of temperatures recorded at the
same times in cross-sectional measurements at the fixed site in
nine of nine cases, including morning and afternoon readings as
well as summer and winter readings.

The effect of the hydropower system on water temperatures
is difficult to determine. Although the impoundments may pro-
vide an opportunity for warming of surficial waters that might
otherwise have been protected by relatively narrow, shaded ripar-
ian areas, the entrainment of hypolimnetic (bottom) water into
the bypass reaches and canals may help to keep summer water
temperatures cool. However, just as low flows could contribute to
warming in Steamboat Creek, some channel warming could
result from the low flows in the bypass reaches. Data collected
during this study are insufficient to determine the net effect of the
hydroproject on stream temperatures in the Wild and Scenic
reach. PacifiCorp ( 1995a,  volume 23) calibrated a temperature
model (SNTEMP) for several reaches of the hydroproject area
and in the main stem down to Steamboat Creek. The model was
used to evaluate the effects of flow changes on stream tempera-
tures, however, and did not specifically address the cumulative
effects of the hydroelectric project on temperatures.

Although cumulative temperature changes due to the reser-
voir system cannot be determined from available data, the magni-
tude of the daily temperature changes during July 1995 were
smallest at sites located immediately downstream from reservoirs
(fig. 10). Temperature changes at LEM 1 T, TOKET, BSODA, and
COPEG were 0, 1, 0.5, and 1.5OC,  respectively, whereas daily
temperature changes at other hydroproject sites were 2-5OC  or
more (PacifiCorp, 1995b).  In the case of Lemolo and Toketee
Lakes, summer releases are at least partially from thermally strat-
ified hypolimnetic water withdrawal locations, thus maintaining
a nearly constant water temperature in the outflow. Although
Soda Springs Reservoir appears to only weakly stratify thermally
(PacifiCorp,  1995a,  volume 22),  temperatures at BSODA and
COPEG remained fairly constant, possibly because the thermal
mass of the reservoir moderates temperature fluctuations.
Because releases from Soda Springs dominate flow in the Wild
and Scenic reach, the lack of a die1  temperature change is trans-
lated downstream, resulting in a small daily temperature change
at main-stem sites throughout the reach.

Dissolved Oxygenxontrary  to documented conditions in
other streams in western Oregon that are affected by periphyton
growth (Pogue and Anderson, 1995; Oregon Department of
Environmental Quality, 1995; Tanner and Anderson, 1996),  DO
concentrations in most of the North Umpqua River system appear
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to be controlled primarily by physical factors, such as water
temperature and reaeration, rather than by biological metabolism.
As a result, daily minimum and maximum DO concentrations
measured during 1995 were between 90 and 110% of saturation
in almost all cases (Appendix A). On a milligram per liter basis,
maximum DO concentrations often occurred when water temper-
atures were lowest (in the morning), and minimum DO concen-
trations occurred when water temperatures were highest (in the
afternoon), illustrating the control of DO by temperature. This
effect is particularly evident in the upper parts of the Wild and
Scenic reach in figure 10, where five of six sites had higher DO
concentrations in the morning than in the afternoon. Tributary
sites also were near saturation at all times, although the concen-
trations were somewhat lower due to warmer stream tempera-
tures. Most tributaries along the Wild and Scenic reach had
minimum, and commonly maximum, DO concentrations below 9
mg/L. Sites in the hydroproject area had similar daily patterns.

The lack of low DO concentrations does not imply low pri-
mary productivity, but rather that primary production is not as
strong as reaeration, deaeration, and water temperature in con-
trolling DO in the North Umpqua River Basin. Indeed, algal
growth in the basin is high in some locations, and the steep
stream gradient and high water velocities (which result in numer-
ous riffles and rapids, and several water falls) are probably the
main reason that DO concentration is maintained at such a high
level. Another contributing factor is the force with which water is
expelled from the various powerhouses into tailraces within the
hydroproject area. This effect is especially significant in ensuring
saturated water at BSODA, where a large volume of water enters
the river with extreme force and turbulence. The minimum DO
concentration observed at BSODA was 10.6 mg/L, which was
equivalent to 109% saturation at the ambient water temperature,
and the maximum DO observed was equivalent to 115% satura-
tion (Appendix A). The initial conditions of DO saturation are
thus ensured as water enters the Wild and Scenic reach, where
additional turbulence from the steep streambed maintains DO
near saturation. One other site that may be similarly influenced
by turbulence induced from a powerhouse is LEM2FF,  down-
stream from the Lemolo No. 2 powerhouse (monitored in July
1995 by PacifiCorp). At this full-flow site, algal growth is sub-
stantial and primary productivity may contribute to high DO con-
centrations; however minimum DO concentrations were never
lower than 98% of saturation during the week-long monitoring
period, and the maximum was 114%,  indicating the infhtence of
turbulence from the powerhouse. Primary production was, how-
ever, capable of producing pH values greater than 8.5, as will be
discussed.

Steamboat Creek above Big Bend Creek (STEABB) was the
only site measured by the USGS in 1995 where DO concentra-
tion was less than 95% of saturation, the value of the State of
Oregon DO standard in effect during 1995 for salmonid rearing
streams. DO at STEABB was 93% of saturation during a morn-
ing measurement. This pattern of low DO concentration in the
morning (at low temperature) and high DO concentration in the
afternoon (at high temperature) indicates that DO concentration
was controlled by primary productivity in Steamboat Creek. Of
the sites monitored by PacifiCorp, minimum DO was less than
95% saturation at LAKEM, and COPEG (PacifiCorp, 1995b).

On the basis of record from the hourly monitor near Rock
Creek (NURCM), conditions for DO concentration during the
July 1995 synoptic survey approximated a “worst case” during
that year. The monitor record indicates that during the week fol-
lowing the synoptic survey the lowest measured DO concentra-
tion during 1995 was observed, and that DO concentration during
the week of the survey (July 2429) was almost as low. DO con-
centration measured from stream cross sections at the fixed site
(NURCR) was within 0.7 mg/L of the value recorded at the
nearby monitor for all seven available comparisons between
1993 and 1995. This was the case despite the fact that there are
two large riffles (almost waterfalls) in the 0.4 mile distance
between the monitor and NURCR.

pH-Unlike  DO concentration, pH appears to respond to
primary productivity in spite of the strong reaeration effect of
powerhouses and the natural stream gradient. Daily maximum
pH was 8.0 downstream from Soda Springs Reservoir (BSODA)
and increased downstream (fig. 10). Although none of the
main-stem sites in the Wild and Scenic reach exceeded the State
standard of 8.5 pH units, pH was 8.3 at NURCR and 8.5 at
NUGLD, and may have reached 8.5 on other days at those sites.
As with water temperature, Steamboat Creek and the Little River
exhibited high afternoon pH, exceeding 8.5 at STEAM (8.7) and
LTWLF (8.6). High values were recorded in these streams previ-
ously (Powell, 1997) and pH was 8.4 at other sites within the
Steamboat Creek and Little River watersheds during the survey.
High pH (above 8.5) was also observed in the full-flow reach
upstream from Toketee Lake at LEM2FF and at TOKLKI, possi-
bly reflecting algal metabolism downstream from LEM2FF
(PacifiCorp,  1995b).

The largest die1  pH change, 1.2 pH units, was recorded by
PacifiCorp’s  monitors in the productive tailrace waters of the
Lemolo No. 2 powerhouse at LEM2FF.  Not far downstream, at
the inflow to Toketee Lake (TOKLKI), the die1  pH change was
reduced to 0.8 units. In the main stem downstream from Soda
Springs Reservoir, the magnitude of die1  change in pH increased
in a downstream direction. The change at NUGLD could not be
evaluated because there was no morning measurement available
at that site.

The algal effects on die1  changes in pH and dissolved oxygen
are evident at both sites in Steamboat Creek. Die1  pH values at
STEABB and STEAM increased from 7.5 to 8.4 and from 7.5 to
8.7, respectively. Die1  DO concentration (as percent saturation)
also increased at STEABB and STEAM from 93% to 116% and
from 97% to 107%,  respectively. The relatively broad die1  fluctu-
ations in dissolved oxygen at STEAM actually may be dampened
by reaeration processes which occur in the gorge 2.5 miles
upstream from STEAM.

Although pH at the fixed site (NURCR) was 8.3 during the
July 1995 synoptic survey, it was 8.5 at that site in 1994 and has
been measured in the main stem as high as 8.8 near Wright Creek
in 1995 (M.A. Powell, oral commun., 1995). The record from the
hourly monitor at NURCM confirms these findings; daily maxi-
mum pH was 8.5 in September 1993 and on two days in July and
August 1994 (U.S. Geological Survey, 1994 and 1995). The
record for pH at the monitor agrees well with data from cross-
sectional measurements made at NURCR. In all nine visits to
NURCR between 1993 and 1995, during high and low flows and
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for morning and afternoon measurements, pH measured in the
cross section was within 0.2 pH units of the value recorded at the
monitor for the same time. For 1995, the monitor record indicates
that conditions during the week of the survey represent worst
case conditions (highest maximum pH)  for 1995.

Although DO concentration was generally controlled by
reaeration and stream temperature, pH responded to primary pro-
duction. The moderately to poorly buffered North Umpqua River
(median alkalinity was 28 mg/L as CaC03 in 1995) is apparently
very sensitive to small changes in the concentration of inorganic
carbon. Owing to the fact that pH in natural waters is controlled
primarily by the equilibrium of the carbonic acid cycle (Stumm
and Morgan, 1981) (eq. 2, p. 12) reaeration with gaseous CO,
below powerhouses probably contributes to an effective lowering
of the pH at those sites. Evidence of this phenomenon has been
observed in the Wild and Scenic reach: records from temporary
monitors at BSODA and COPEG in August 1995 (PacifiCorp,
1995, unpublished data) indicate a somewhat depressed mini-
mum pH at BSODA (approximately 7.0 at midnight) but a con-
sistent increase of 0.4-0.6 pH units by COPEG just 1.8 miles
(approximately 2 hours travel time) downstream. Maximum pH
occurred around 4:00 p.m. at BSODA (7.4 units) and COPEG
(8.0 units). Given that there is abundant, although patchy, active
algal growth immediately downstream from BSODA, this
increase could partially be due to algal photosynthesis; however,
degassing of excess CO2  from powerhouse releases at BSODA
could also account for part of this shift. The productive full-flow
reach downstream from the Lemolo No. 2 powerhouse produced
high pH at LEM2FF  (8.7 pH units), despite the apparent ten-
dency of the powerhouses to reaerate and even supersaturate the
waters in the tailraces with atmospheric gases. Consequently, pH
could be even higher at LEM2FF without the effect of reaeration
from the Lemolo No. 2 powerhouse.

RELATIONS OF WATER QUALITY AND ALGAL
CONDITIONS TO RESOURCE MANAGEMENT

The principal resource-management activities in the North
Umpqua River Basin are forestry and hydropower production.
Both of these activities have caused the landscape to be changed
in dramatic and significant ways. This study was intended as a
reconnaissance-level investigation and, as such, did not com-
pletely address either of these activities. The results, however,
offer insights into water-quality processes in the North Umpqua
River on which to base future studies. In the following sections,
an initial, conceptual model of the physical and ecological pro-
cesses in streams of the North Umpqua River Basin is developed
on the basis of results from the current study, integrated with
recent and historical information in the North Umpqua River
Basin and relevant findings from the literature. Potential future
studies are suggested that would either test and refine parts of this
model or provide information to fill key data gaps.

Forestry

Management of forests for timber in the Pacific Northwest
has become a highly visible and contentious issue. Timber pro-

duction is an important component of the economy of Douglas
County and has occurred extensively within the North Umpqua
River Basin. Much of the industrial timber harvests in the basin
have occurred on private timber lands, although there also has
been significant harvest on public lands in the Glide and Dia-
mond Lake Ranger Districts of the Umpqua National Forest. Of
the 1,209 mi2 total area, an estimated 94% is commercial forest.
The estimated portion of land designated as commercial forest in
individual watersheds ranges from 88 to 97%. Most of the land
upstream of Soda Springs either remains uncut or was harvested
more than 80 years ago. In contrast, the watersheds downstream
of the hydroproject area, including the Wild and Scenic reach,
have had between 34 and 4 1% of the forest areas harvested in the
last 40 years. Although most of the land in the North Umpqua
watershed is owned by the U.S. Forest Service, private timber
companies own approximately 12-35% of the lands in the Little
River, Steamboat Creek, and Middle North Umpqua (along the
Wild and Scenic reach) Basins (Mikeal Jones, U.S. Forest Ser-
vice, written commun., 1997). In the Steamboat Creek Basin,
harvesting has occurred in every subbasin (Holaday, 1992).

Potential effects of timber management on water quality are
numerous and have been extensively reviewed (Meehan, 199 1).
Included are the potential effects of silviculture and timber har-
vest on (1) nutrient loss from soils to receiving waters, especially
in areas that have been clear cut (Fredrikson, 197 1; Adams and
Stack, 1989; Greene, 1996) (2) erosion and sediment transport
to streams (Chamberlain and others, 1991),  (3) morphological
changes, such as stream-channel widening (Dose and Roper,
1994) and reductions in channel complexity (Fausch and North-
tote, 1992) through changes in the amount of large woody debris
(LWD) in streams, (4) increases in die1  pH changes and maxi-
mum pH (Powell, 1997) (5) temperature changes, especially dur-
ing summer low-flow conditions (Murphy and Meehan, 199 1;
Holaday, 1992) (6) chemical inputs from the use of fertilizers,
pesticides, and fire retardants (Norris and others, 199 1). Some of
these may be important in the North Umpqua River Basin, either
alone or in combination with other land management practices,
and are briefly explored in this section.

Effects of forestry on streamflow have been documented
extensively for other forests (Chamberlin and others, 1991;
Nakama and Risley, 1993; Jones and Grant, 1996) and some for-
estry activities could have affected streamtlow  in the North
Umpqua River Basin. The available hydrologic data and infor-
mation on historical land use in basin may be sufficient to allow
such an analysis to be performed; however, the analysis is
beyond the scope of this report.

Few data are available for direct assessment of nutrient loss
from soils in the North Umpqua River Basin. Forestry-related
events that would contribute to nutrient export include erosion
from clearcutting, roadbuilding, landslides, and fertilization.
Entry routes may be either through tributaries, direct runoff, or
ground-water inputs (Triska and others, 1983; Triska, Kennedy,
and others, 1989). Nitrogen was rarely detected in the main stem
and tributaries, in spite of the sometimes abundant algal growth;
however, inputs of nutrients, especially nitrogen, are more likely
to be incorporated into algal biomass immediately upon entry
into the stream rather than to remain in the water column. Such
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inputs therefore could be particularly difficult to distinguish by
traditional water-column measurements alone.

In the Little River watershed, patterns of sediment loss and
erosion resulting from forest-management practices are consid-
ered by the U.S. Forest Service to have resulted in an aquatic
habitat that is highly disturbed and less diverse than it was histor-
ically (U.S. Forest Service and Bureau of Land Management,
1995). In several subbasins, landslide frequency has increased
and streambank stability has decreased, resulting in increased
sediment delivery to the Little River. Many of these subbasins,
including two sampled in the July 1995 survey, are also locations
where maximum pH of streamflow was elevated, in some cases
to levels higher than the State standard of 8.5 (Powell, 1995); this
increase in pH has been attributed to the extensive amount of log-
ging (U.S. Forest Service and Bureau of Land Management,
1995; Powell, 1997) in the basin.

The Steamboat Creek Basin appears to have been similarly
affected by its history of logging. With a wide bedrock channel
and little riparian canopy (73% and 88% open at STEABB and
STEAM, respectively), Steamboat Creek had water temperatures
and pH levels that were among the highest observed in this study,
and a relatively high abundance of eutrophic algal taxa (espe-
cially at the upstream site, STEABB). The relative impact of
forestry along other sections of the main stem or the smaller
tributaries to the Wild and Scenic reach were not evaluated in
this report because of a lack of data and the possible confounding
effects of hydropower operations.

The presence of LWD can dissipate stream energy (Heede,
1972; Marston, 1982),  promote complex channel morphologies
(Fausch and Northcote, 1992),  foster depositional processes, and
provide valuable refuge for fishes (Murphy and Meehan, 199 1).
Stream surveys conducted by PacifiCorp (1995a,  volume 4),
however, indicated that LWD were scarce (approximately five
logs per mile) in the North Umpqua River downstream of Soda
Springs Reservoir. The reasons for the lack of LWD are unclear.
Although PacifiCorp attributed the lack of LWD primarily to
removal of riparian vegetation by highway construction and for-
estry rather than interception by reservoirs; the reservoirs would
be likely to interrupt the downstream transport of any large logs
that fall into the stream channels within the hydroproject area.
Removal of large trees in riparian areas along Highway 138 also

could contribute to the lack of LWD in the river. The lack of
LWD also could be a factor in the relatively large amount of
exposed bedrock (and lack of gravel) downstream of Soda
Springs Reservoir: Dose and Roper ( 1994) determined that the
removal of LWD and the presence of valley-floor roads were par-
tially responsible for a widening of stream channels and removal
of stream gravel to bedrock in forested watersheds in the South
Umpqua River Basin.

As part of the traditional management of forest land, fertiliz-
ers are applied to enhance tree growth and speed forest recovery
after harvesting. Fertilizers also are used to promote growth of
vegetation for erosion control, particularly alongside roads
immediately after construction, and during watershed restoration
processes at bridges and on unstable slopes. The primary forest
fertilizer is nitrogen (applied as urea) because forest soils are
often poor in nitrogen, particularly in the Western Cascades (Nor-
ris and others, 1991). In treated and untreated watersheds in the
nearby South Umpqua Experimental Forest (Moore, 1971),
approximately 0.0 1% of applied fertilizer reached the streams
during the summer low-flow period; peak nitrogen concentra-
tions were observed during high flows in December. In the same
study, nitrogen loss to streams from treated watersheds, over 95%
of which was ammonium-nitrogen transformed through nitrifica-
tion to nitrate-nitrogen, was more than an order of magnitude
greater than from untreated watersheds. Not surprisingly, larger
amounts of nitrogen loss have been reported when some of the
fertilizer was applied directly to water during the forest fertiliza-
tion process (Norris and others, 199 1). Long-term records of fer-
tilizer use in the North Umpqua River Basin were not available;
however, estimates of fertilizer use from 1993-95 are presented
in table 11.

Fertilizer use in the North Umpqua River Basin was cur-
tailed after 1993 because of emerging concerns regarding nutri-
ent inputs to the river and their potential impacts on algal growth
and pH (Mikeal Jones, U.S. Forest Service, written commun.,
1995). Some applications, however, were performed in 1994 and
1995. In 1995, for example, forests were fertilized by hand in
areas outside of riparian reserves. The estimates given in table 11,
therefore, are possibly less than historical fertilizer applications,
although the 465,000 pounds of nitrogen applied (as urea) in
1993 in the North Umpqua Ranger District is apparently indica-

Table 11. Estimated nitrogen in fertilizer used in the North Umpqua River Basin, Oregon, 1993-95
[Units are in pounds of nitrogen. The boundary between the North Umpqua and Diamond Lake Ranger Districts of the Umpqua National Forest is
at Calf Creek. RD., ranger district. Source: Mikeal  Jones, U.S. Forest Service, written common., I9951

Estimated nitrogen, in pounds

1993 1994 1995

North Diamond North Diamond North Diamond
Umpqua Lake Umpqua Lake Umpqua Lake

Practice RD RD RD RD RD RD

Highway reconstruction 0 0 0 288 0 0
Forest fertilization 0 465,000 0 0 2,788 trace
(I 993 helicopter, 1995 hand)

Timber sale road construction 0 unknown 80 0 640 0

Watershed restoration 500 0 0 I25 0 4 8

Total 500 465,000 80 413 3,428 4 8
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tive of historical patterns. Phosphorus was applied in the North
Umpqua River Basin only for erosion control along roadways or
for watershed restoration, in amounts similar to nitrogen applica-
tions for those uses. The Steamboat Creek, Little River, and
Middle North Umpqua River Basins, which have been the most
intensively logged, were also the most intensively fertilized his-
torically (Mikeal Jones, U.S. Forest Service, written commun.,
1995).

Firefighting, and the chemicals and soil disturbances accom-
panying it, also are potential sources of nutrients to forest
streams. Fire retardants are largely composed of nitrogen and
phosphorus (commonly as (NH,),HPO,,  diammonium phos-
phate), in very high concentrations. In a small experiment, Norris
and others ( 199 1) reported that ammonium and total phosphorus
reached a stream within 24 hours after application of retardants,
and that the ammonium was subsequently transformed into NO,-
and dissolved organic nitrogen (TDN). The compounds were
detected more than 3,000 feet downstream; however, only minor
amounts of chemicals were exported from the riparian areas
(approximately 10 feet on each side) in which they were applied.
Although these effects may be minor under most conditions,
inputs from a single protracted fire or an accidental spill of retar-
dant are potentially important.

Thus, indirect effects of forestry on algal growth may
include increased light availability from reduced riparian cover-
age; changes in substrate type or stability resulting from changes
in sediment delivery and flow rates or loss of LWD; changes in
scour (from sediment delivery or stream velocity) resulting from
changes in the flow regime, and changes in nutrient delivery.
Although there are few data to directly evaluate these effects
along the main-stem North Umpqua River, there are indications
of some of these effects in tributaries such as Steamboat Creek
and Little River, where logging has been prevalent and there are
no impoundments. In these streams, water temperatures are ele-
vated, algal growth is high, and the algal community composition
(nitrogen heterotrophs, and eutrophic and alkaliphilic taxa) indi-
cate a general degradation of water quality.

Hydropower

In the North Umpqua River system, the reservoirs within the
hydroproject area have been studied relative to their effects on
streamflow in the downstream reaches. The reservoirs and
impoundments were routinely monitored in connection with reli-
censing studies conducted from 1992 through 1994 (PacifiCorp
1995a). The focus of these studies was on characterizing existing
conditions and on compliance with State of Oregon water-quality
standards. Reservoir surface waters were extensively sampled,
but bottom waters, from which most of the releases to the bypass
reaches and power canals are drawn, were seldom sampled, and
data on organic nitrogen and dissolved NH4+  concentrations are
scarce. With the exception of some of the ongoing work associ-
ated with a watershed analysis along the Wild and Scenic reach
upstream of Rock Creek (PacifiCorp, 1997) few data have been
collected to specifically evaluate the processing of sediments or
nutrients as they move from the inflows to the reservoirs, their
fate in the reservoirs, and their subsequent release into down-

stream reaches. Furthermore, the effects of water diversion for
power generation and the effects of the associated low flows on
primary production in the previous natural stream channels have
been only nominally addressed. Finally, the cumulative effects of
the reservoir system on water quality in the Wild and Scenic
reach downstream are largely unknown. This study, although
limited in duration, was the first attempt to examine nutrients and
the algal community within and below the hydropower project
area in the context of overall ecosystem functioning.

Effects of Reservoirs on Water Quality

Studies have indicated that major reservoirs can affect,
directly or indirectly, many ecological aspects of the lotic (flow-
ing water) ecosystem downstream (Ward and Stanford, 1983a;
Ligon and others, 1995). In some cases investigators have
observed such effects as increased transport of ammonium nitro-
gen and resulting increases in chlorophyll a and pH immediately
below reservoirs (Marcus, 1980; Dufford and others, 1987).
Other downstream effects of dams on benthic communities can
come from hydrologic effects of flow regulation on sediment
transport and food-web processing. Transport of fluvial and
organic material often depends, in part, on processes upstream
(Vannote  and others, 1983; Murphy and Meehan, 1991); interrup-
tions of these processes can deprive downstream reaches of
important components in the structure of their ecosystems, on
which salmonids and other aquatic biota depend (Sullivan and
others, 1987). Interception of sediments from upstream areas is
one of the principal effects of dams (Collier and others, 1996)
and water released from reservoirs therefore tends to be clearer
and more able to resuspend small particles from streambeds
downstream, thus coarsening the streambed. The lack of gravel in
the reach downstream from Soda Springs Dam could be due to
interception of sediment by the upstream reservoir system, or to
coarsening of the streambed by the clearer water, or a combina-
tion of both processes. Algal abundances can be affected by
scour, either positively (Power, 1992a) or negatively (Horner and
others, 1983; Biggs, 1996). Changes in the frequency of scour
and flooding below reservoirs can also affect the abundances of
invertebrates (Wooten  and others, 1996) which can in turn affect
other trophic  levels both above and below invertebrates in
aquatic food webs.

The deposition of suspended sediment and coarse organic
matter, from the water column and to the bottom sediments of a
reservoir, also can degrade the water quality of the reservoir itself
(Chapra, 198 1). Along with sediment and gravel, reservoirs inter-
cept other transported debris, including organic matter such as
LWD and leaf litter. These materials can remain in the reservoirs
for much longer than the hydraulic residence time of the water
body, such that the rate of accumulation of organic materials can
be rapid (Thornton, 1990a). Coarse-grained organic particulate
matter (CPOM) tends to settle in the upper reaches of reservoirs,
whereas finer-grained organic matter (FPOM) may be transported
further longitudinally (Thornton, 1990b,  Kennedy and Walker,
1990). Planktonic algae process nutrients in reservoirs, adding
nutrients to bottom sediment as detrital material when the algae
become senescent, and thereby convert incoming inorganic nutri-
ents into organic matter. Microbial activity in bottom sediments
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can convert labile and moderately labile inorganic and organic
compounds into dissolved forms that can be readily entrained
into the water column near the sediment-water interface. Ward
and Stanford (1983a),  in discussing the ecology of rivers with
headwater impoundments, postulated sharp decreases in the ratio
of coarse-grained to fine-grained particulate organic matter
(CPOM:FPOM) downstream of dams. Such changes, which
could occur either because the downstream transport of CPOM is
interrupted or the transport of FPOM and dissolved organic mat-
ter (DOM) is increased, are expected to significantly alter the
functional feeding groups of downstream invertebrate communi-
ties. Additional effects were anticipated from disruption of the
natural thermal regime, including decreases in biological diver-
sity and changes in timing of invertebrate hatches associated with
the more stable temperature of reservoir outflows (Ward and
Stanford, 1983b).

Allochthonous (originating outside the stream) organic
material can be the primary energy source for ecosystems in lotic
environments (Vannote  and others, 1980; Allen, 1995). Organic
detritus (especially leaf litter) and LWD provide important food
and habitat resources for groups of macroinvertebrates (detriti-
vores and shredders) that could in turn be important food sources
for salmonid fishes. Salmonids can subsist on prey attached to the
benthos, however they eat predominantly drifting terrestrial and
aquatic prey, such as those associated with LWD and other
allochthonous organic material (Murphy and Meehan, 199 1).
Fausch and Northcote ( 1992) found that biomass of age-group
one and older salmonids was significantly greater in stream seg-
ments with greater amounts of LWD and significant riparian veg-
etation. The contribution of LWD to improved stream habitat
extends downstream as well, as particulate organic matter is
transported from one stream reach to downstream reaches. To the
extent that LWD occurrence in the North Umpqua River can be
controlled by resource managers, either by allowing it to remain
in the river when natural events introduce it to the system, or by
assisting its transport through the reservoir system instead of
removing it, LWD represents a variable that can be used to help
the river develop greater ecosystem complexity.

Although not expressly investigated in this study, the con-
version of incoming inorganic and large organic debris into
smaller particulate or dissolved organic matter, as described
above, could be occurring in reservoirs in the North Umpqua
River Basin. Likely locations for such processes include Lemolo
Lake, Toketee Lake, and Soda Springs Reservoir. Relatively high
concentrations of TKN and elevated biomass of periphyton
below these impoundments, including species that are adapted to
utilize organic forms of nutrients (fig. 7, table 10) are indications
that these changes could have taken place to varying degrees.
Such changes in the CPOM:FPOM ratio could imply fundamen-
tal shifts in the ecological structure of the benthic community
below the reservoirs and for some distance downstream.

Water quality-Water released from the hydroproject area
at Soda Springs Reservoir clearly dominates the water quantity
and quality in the Wild and Scenic reach during the summer.
Tributary inputs and accretion constitute a relatively minor input
but may be locally important. As a result of the constant expul-
sion of water from the Soda Springs powerhouse, water entering
the Wild and Scenic reach has minimal die1  temperature variation

(less than 1 .O’C),  and DO is at or above saturation at all times
(fig. 10). This effect is translated downstream, as die1  temperature
changes remain small throughout the main stem (to Rock Creek)
and physical reaeration maintains DO near saturation. The
depressed pH immediately downstream from Soda Springs (max-
imum pH 8.0)  despite patchy but prolific algal growth at that
site, probably is a combined result of the low pH in water from
Soda Springs Reservoir and the powerful forces of reaeration
from the powerhouse, which may supersaturate the water with
respect to CO2  and further lower pH. The direct effect of reser-
voir releases on pH farther downstream appears less marked as
dissolved CO2  degasses from the river and the productivity of
algae, in the relatively low alkalinity waters of the North
Umpqua River, is strong enough to raise pH downstream despite
continuing physical reaeration. Reservoir releases can potentially
affect pH indirectly as nutrients are made available for increased
algal metabolism in downstream areas.

Results from this study indicate that water released from
Soda Springs Reservoir also is the primary nutrient source to
the Wild and Scenic reach. Phosphorus concentrations, of which
80% of the TP was as SRP, decline moderately (by about 10
pg/L) from just below the reservoir to Glide. As a result of the
extremely low concentrations of inorganic nitrogen, which is
likely the limiting nutrient throughout most of the basin, any
additional nitrogen inputs to the river are masked by rapid
benthic recycling and uptake, and utilization of alternative nutri-
ent forms (such as dissolved organic nitrogen). Algal abundances
and analysis of community composition also indicate that each of
the reservoirs contributes nutrients that are immediately con-
sumed by algae in the reaches downstream from the impound-
ments. Water withdrawn from each of the reservoirs, except
Stump Lake, includes bottom water. Nutrients are either released
directly, in the water from the reservoirs, or could be transported
in water leaking underneath dams and added to water in the
bypass reaches by accretion. Elevated concentrations of NO,-
(23&9  10 ug/L) were observed during 1993 in the Slide Creek,
Fish Creek, and Clearwater bypass reaches (PacifiCorp, 1995a,
volume 22)  although these data appear to be outliers.

With the exception of a TKN concentration that was esti-
mated to be about 100 pg/L, nitrogen was not detectable in water
released from Soda Springs Reservoir during the 1995 synoptic
survey. Reservoir releases, however, were held artificially stable
for purposes of constructing mass balances for flow and nutrient
loads, a factor that could have indirectly exacerbated nutrient
limitation and caused increased algal nutrient uptake in the Wild
and Scenic reach. Under normal operating conditions, when
flows through the entire reservoir system are more dynamic, fluc-
tuations in nutrient concentrations could result in higher average
concentrations being discharged to the Wild and Scenic reach.
This possibility is supported by the higher concentration of NH,+
observed at the Copeland Creek gage (COPEG) at the end of the
survey in 1995, and by the slightly higher nitrogen and phospho-
rus concentrations observed at the fixed site (NURCR) during
1993 and 1994, although factors such as fertilization or other
human activities also could have contributed to these higher con-
centrations.

Organic enrichment-Several factors support the hypoth-
esis that the reservoirs are effectively transforming incoming
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nutrients into dissolved organic and ammonium forms from
inorganic and detrital forms, as postulated for impoundments in
headwater streams by Ward and Stanford (1983a). Phytoplankton
algal blooms have been noted in Lemolo Lake, Toketee, and
Soda Springs reservoirs. The processes of ammonification and
remineralization of organic materials (including dying algal cells
as well as incoming detritus) often occurs in the sediments of res-
ervoirs and is a likely source of nutrients downstream. Dufford
and others (1987) found increased algal biomass downstream
from reservoirs in Colorado having bottom releases, but found no
differences below surface-withdrawal reservoirs. Releases from
Toketee Lake and Soda Springs Reservoir are integrated and
therefore include bottom water, as does the release from Lemolo
Lake (table 1). Elevated concentrations of TKN have been
observed downstream from Stump Lake, and at depth in Lemolo
and Toketee Lakes (PacifiCorp, 1995a,  volume 22), and qualita-
tively estimated concentrations of TKN were higher downstream
from the reservoirs compared with concentrations at other site
types in July 1995. The abundance of nitrogen heterotrophic taxa
was greater at hydroproject sites compared with main-stem sites,
indicating that there are sources of organic nitrogen in the hydro-
project area. One tributary site in 1995 (STEABB), and the fixed
site upstream of Rock Creek (NURCR) in 1994, also had a rela-
tively high abundance of nitrogen heterotrophs.

Given the low inorganic nitrogen concentrations observed
and the presence of a facultative nitrogen heterotrophic taxon, the
utilization of organic nitrogen compounds may have fueled the
prolific growths of periphyton observed in this study. Melosira
varians, a nitrogen heterotrophic taxon, made up 29% of the bio-
volume at TOKET, which is in the range (20%40%  abundance)
suggested by Reimer (1962) to indicate organic enrichment. The
abundance of nitrogen heterotrophic taxa was greater at the
hydroproject sites than at main-stem or tributary sites. These
observations indicate a source of organic nitrogen in the hydro-
project area and in Steamboat Creek. The physiological health of
the periphyton community itself may also contribute to the pres-
ence of nitrogen heterotrophic taxa at these sites. Dissolved
organic nitrogen probably is released upon the decay of the algal
community, and would likely be exacerbated by high algal biom-
ass (project sites and INLET) or high water temperatures (STE-
ABB).

Effects of Reservoirs on Algal Abundance and Distribution

The most distinct observation concerning algal abundance in
this study was that algal biomass was more than 2 to 3 times
greater at sites downstream from impoundments, either below
dams (LEM 1 T and TOKET) or powerhouses (BSODA and other
sites observed in 1996). PacifiCorp previously reported dense
growths of filamentous algae (probably Cladophora) in the tail-
races downstream from Lemolo No. 1 and No. 2 powerhouses,
Clearwater No. 1 and No. 2 powerhouses, in the full-flow reach
200 m downstream from Lemolo No. 1 powerhouses (LEM2FF),
and downstream from Toketee Dam (TOKET) (PacifiCorp,
1995b). The pronounced die1  swings in pH (7.5-8.7) at LEM2FF
were attributed to periphyton metabolism by PacifiCorp (1995b).

Three hydroproject sites (BSODA, LEM1T,  and TOKET)
and INLET had the highest concentrations of dissolved phospho-

nts. Spearman  rank correlations between periphytic chlorophyll a
and phosphorus at the 10 sites sampled in 1995 were significant
(R* = 0.65, p ~0.05). On the basis of the apparent relation
between chlorophyll a and phosphorus, periphyton growth could
be interpreted as being phosphorus limited; however, this could
be misleading because inorganic nitrogen concentrations were at
or below the MRL at all sites, whereas phosphorus concentra-
tions appeared plentiful (fig. 5). On the other hand, the capacity
for nitrogen fixation can compensate for low nitrogen concentra-
tions, which would effectively render streams phosphorus limited
(Elwood and others, 1981).

The thick periphyton mats observed in this study apparently
undergo periodic sloughing, particularly in the hydroproject area
(Dave Schwall, PacifiCorp, oral commun.,  1996),  suggesting that
the basal cells are nutrient limited at those times (Biggs, 1996).
Basal cells inside the periphyton mat rely on difmsion-limited
nutrient transport and (or) recycling of nutrients and most likely
are exposed to lower nutrient concentrations than surticial cells.
Bothwell (1988) demonstrated that phosphorus concentrations
higher than 0.34.6  ug/L had no effect on growth rates in diatom
communities from the South Thompson River, British Columbia.
Other studies have shown, however, that phosphorus additions of
up to 30 to 50 ug/L, concentrations similar to those observed in
the North Umpqua River Basin, can continue to increase algal
biomass (Homer and others, 1983; Bothwell, 1988).

At first glance, the algal taxa identified from the North
Umpqua River resemble those in unregulated pristine mountain-
ous streams (Dufford and others, 1987). Many of the sites have a
high abundance of blue-green and diatom nitrogen-fixing taxa
typical of streams with low concentrations of nitrogen (Petersen
and Grimm, 1992). Closer examination, however, reveals the
presence of algal taxa that are indicative of nutrient enrichment
and alkaline pH, and a scarcity of taxa that are indicative of olig-
otrophic and cold-water conditions. Furthermore, concentrations
of chlorophyll a and AFDM in the North Umpqua River are
indicative of moderately enriched to enriched streams, as
described by Biggs (1996).

Eutrophic algae were observed at every site sampled,
although their abundances were most pronounced at hydroproject
sites. An exception to this was the uppermost site in Steamboat
Creek (STEABB), where eutrophic taxa made up 62% of the bio-
volume, and in samples from July and September 1994 at the
fixed site (NURCR), where they comprised 42% and 5 1% of the
respective algal biovolumes. In the bypass reaches below dams
(TOKET and LEM 1 T), eutrophic taxa comprised 67% and 74%,
respectively, which is consistent with findings from Dufford and
others (1987)  who found that the flora downstream from bot-
tom-release impoundments in Colorado were dominated by algal
taxa indicative of eutrophic conditions, whereas the flora
upstream from reservoirs were primarily indicators of olig-
otrophic conditions. The algal communities upstream and down-
stream from surface-release impoundments in that study were
nearly identical. In the North Umpqua River Basin, sites immedi-
ately downstream from impoundments also tended to have the
highest concentrations of organic nitrogen.

Blue-green algae, most of which are nitrogen fixers, domi-
nated the periphyton communities in the Wild and Scenic reach
and in Steamboat Creek, but were relatively rare at the hydro-



project sites. Blue-green nitrogen fixers tend to dominate periph- studies; discussions among water managers, natural resource
yton communities when concentrations of nitrogen are low and agencies, scientific researchers, and the public will be necessary
concentrations of phosphorus are high, when water temperatures to refine and prioritize these ideas, decide on specific objectives,
are high (20°C  or more) (Tilman and others, 1986),  or at high pH and choose the most appropriate courses of action.
values (Shapiro, 1990). BSODA had an abundance of the diatom
nitrogen fixers, but these forms are less efficient at fixing nitrogen
than the heterocystous, blue-green forms (Floener and Bothe, Background Conditions

1980),  and a shift from diatom nitrogen fixers toward blue-green
nitrogen fixers is expected as nitrogen concentrations decrease,

Much of the uncertainty over the effects of forestry and

temperatures increase, or when grazing pressure increases
hydropower operations on water quality in the North Umpqua

(Petersen and Grimm, 1992; Walton and others, 1995). This pat-
River Basin originates with questions of the natural conditions of

tern was evident in Steamboat Creek, where the diatom nitro-
the river basin. The natural temperature and pH of tributaries,

gen-fixers Epithemia sp. and Rhopalodia gibba dominated the
such as Steamboat Creek, the nutrient regime in the main stem

periphyton community at the upper site (STEABB) and
and bypass reaches, and the amount of algal growth expected in

blue-green species became dominant at the downstream site
these streams are basic questions that cannot currently be

(STEAM). Stream temperatures at STEAM (22.5’C)  were only
answered. Several avenues exist to begin to answer these ques-

slightly higher than at STEABB (2 1 .S’C), suggesting that nitro-
tions, including studies of ground water, paleolimnology, the sta-
tus of forest soils and their nutrient retention during disturbance,

gen concentrations or grazing pressure, rather than temperatures,
could be responsible for the differences in periphyton communi-

and hyporheic flow and processing of nutrients. Also, a study to

ties at these sites. An unidentified gastropod grazer was particu-
confirm the presence of arsenic and determine its sources might

larly abundant at STEAM, while none was observed at STEABB.
be warranted from results presented in this report.

Water temperatures were relatively cool at hydroproject sites,
Ground Water-A ground-water study could be used to

which could help explain the much reduced abundance of investigate potential inputs in key locations, notably within the

blue-green nitrogen fixers at these sites compared with hydroproject area (especially the Clearwater River Basin) and the

main-stem and tributary sites. inflows  to Lemolo Lake at INLET and LAKEM. The rich algal

Filamentous green algae were observed primarily at sites in
growth and relatively high nutrient concentrations at INLET in

the hydroproject areas, but also were observed at NURCR.
particular are unexplained, but may result from unique flow pat-

Although the mere presence of these algal forms cannot be used
terns in the porous pumice soils of the Western Cascades, possi-
bly linking water from Lake Creek to the upper North Umpqua

to identify nutrient enrichment, their high abundance (up to 440 River upstream from Lemolo Lake. An additional aspect that
mg/m2)  strongly suggests that sites downstream from dams and remains unclear is the potential input of sewage residues from
powerhouses are providing relatively high concentrations of dis- septic systems into Toketee Lake at Clearwater Village and from
solved nutrients (Biggs, 1996; Borchardt, 1996). Cladophora has other camping and recreation facilities, such as those at Lemolo
also been shown to occur in nitrogen-poor habitats, presumably
because Cladophora often hosts nitrogen-fixing epithemiacean

Lake. Ground water in the Clearwater River Basin appears to

diatom that grow as epiphytes, which may provide a source of
contribute a large volume of water and potentially high nutrient
concentrations (PacifiCorp, 1995b),  and quantification of these

nitrogen (Dodds and Gudder, 1992). Fitzgerald ( 1969) found that inputs would help to understand nutrient sources in the basin.
non-nitrogen fixing epiphytes colonized Cladophora only when Input of nutrients from ground water along the main stem in the
surplus nitrogen was available. Filamentous green algae from Wild and Scenic reach appears to be negligible on the basis of
samples collected from BSODA in 1995, and from samples col-
lected from Lemolo No. 1 and No. 2 and Clearwater No. 2 pow-

flow, chloride, and phosphorus mass balances. This finding could

erhouse in 1996, contained a high proportion of non-nitrogen
possibly be verified by sampling select wells along the reach and

fixing diatom epiphytes, indicating a possible surplus of nitrogen
expressly investigating ground-water input to the river. Finally,
ground-water samples could be analyzed for arsenic to help

at these sites. determine arsenic sources in the basin.
Sediment Recordqne  way to determine the composition

Suggestions for Future Studies
of past algal communities in both the natural stream channels and
the reservoirs, and to determine if water quality in these areas is ,
changing over time, would be to investigate the record of chemis-

There are several topics for which additional study would try and algal growth contained in sediment deposits within the
provide a better understanding of the North Umpqua River sys- lakes and forebays of the basin. Algal cells, particularly the sili-
tern, facilitate management of water quality, and provide a bench- cious diatom frustules, are often preserved in sediments. Identifi-
mark for measuring the effects of changes in forestry practices or cation of these cells and the use of autecological classifications
in reservoir-management activities. These topics are explored in and multivariate techniques, such as those employed in this
the following sections: Background Conditions, Nutrient Status study, can provide an indication of long-term environmental con-
and Limitation, Geomorphology,  Reservoir Processing, Primary ditions or other changes (Dixit and others, 1992; Christie and
Production and Algal Distribution, and Food Web Dynamics. Smol, 1996). In the North Umpqua River, such a study could help
The topics are not mutually exclusive; in fact, there may be con- determine historical patterns of water chemistry, such as the natu-
siderable overlap. The suggestions are presented herein only in ral pH and temperature ranges of the main stem and tributary
generalized terms to provide a basis for consideration of titure waters, the relative amounts of nitrogen and phosphorus inputs
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and nutrient limitation status, and rates of primary production.
Chemical analysis of sediment samples from streambeds and
impoundments could provide additional information, such as
sediment age, sedimentation rates, states of organic and inorganic
enrichment, and other potential effects of land use. Identification
of suitable sites for sediment sampling and an understanding of
the limitations of differentiating sediment deposits in lotic  (flow-
ing) as opposed to lentic (impounded) environments would of
course be critical to the success of such an investigation.

Nutrient Contribution of Soils and Riparian
Areas-Another background condition that is critical to the
question of nonpoint  nutrient loading, particularly from areas
managed for timber, is the nutrient status of soils in the forest and
their propensity to release nutrients after disturbances (timber
harvests, fertilization, or fires). Furthermore, it is assumed that an
important route for nutrients entering tributaries and the main
stem is through the hyporheic zones along the riparian margins of
the river (Triska, Kennedy, and others, 1989; Triska, Duff, and
Avanzino, 1989). Because entering nutrients are most likely con-
sumed and recycled by the benthic community (Paul and others,
199 1), they can be under represented or missing in water-column
samples (Welch and others, 1989; Tanner and Anderson, 1996),
and yet they may contribute significantly to algal growth. A study
of nutrient hyporheic processing, and evaluation of additional
inputs to the system from forested areas before and after distur-
bances, would aid in management of both riparian areas and tim-
ber operations.

Nutrient Status and limitation

An important question to arise from the studies to date is that
of nutrient limitation in the river and the effects of nutrient inputs
on algal communities. The river appears severely nitrogen lim-
ited, such that increased nitrogen inputs would likely result in
additional algal growth. Depending on the location and the form
of nitrogen introduced, such inputs can simply add biomass
(Stockner and Shortreed, 1988; Peterson and Grimm, 1992),
increase production rates of secondary consumers (see Steinman,
1996, for a review of algal-grazer interactions), change the spe-
cies composition of the algal community (Marcus, 1980; Peter-
son and Grimm, 1992; Blomqvist and others, 1994),  or some
combination of these effects. With the abundance of nitrogen fix-
ers at various locations in the river (fig. 8), however, it is possible
that algae at those locations would respond to additions of phos-
phorus regardless of nitrogen levels. In effect, nitrogen and phos-
phorus could be colimiting in places. There are several ways in
which nutrient dynamics in the river could be investigated. These
include further definition or confirmation of existing temporal
and spatial patterns of nutrients in the river basin, studies of algal
response to nutrient additions (either in-place or in laboratories),
nutrient spiraling and uptake (reviewed by Mullholland, 1996),
and the use of isotopes to trace pathways of nitrogen in streams,
reservoirs, or soils (Faure, 1986; Kendall and others, 1995).
Because algae may respond to even very low concentrations of
nitrogen, future nutrient studies should use laboratory methods
that reliably detect such low nitrogen concentrations, including
those for organic nitrogen and ammonia.

Temporal and spatial patterns-Data-collection efforts
have clarified several basic aspects of the nutrient dynamics of
the North Umpqua River Basin. Stream-chemistry data show that
nitrogen is an important nutrient within the entire system, and
water-quality and algal community data imply that nutrient pro-
cessing in the reservoirs has a variety of effects downstream.
Alternative sources of nitrogen, such as algal fixation or het-
erotrophic consumption of organic nitrogen, are now known to
contribute to the nitrogen budget for the river. The magnitude and
importance of short- and long-term changes in nitrogen concen-
trations, and how the benthic community responds to these
changes, however, are not known. The synoptic survey in 1995
focused on low-flow, worst-case conditions to assess the magni-
tude of algal problems. Early spring nutrient and flow conditions
could be equally important in establishing algal growth and suc-
cessional patterns at some sites. Die1  fluctuations in nutrient con-
centrations, including releases from reservoirs, could expose
algae to available nutrients for sufficient periods for algae to
sequester the necessary nutrients. Thus, algae could be able to
metabolize and grow, despite the generally low concentrations.
Of critical importance in this report is the processing of incoming
nutrients in the reservoirs, both in the water column and at the
sediment water interface, and the possibility that the reservoirs
are exporting ecologically relevant concentrations of organic
nitrogen at concentrations lower than traditional field and labora-
tory methods have been able to distinguish. Many of these issues
could be incorporated into a fixed duration (1 to 2 year) monitor-
ing program that would better define nutrient concentrations at
strategic locations throughout a complete hydrologic cycle.

Nutrient Addition-Nutrient addition experiments offer a
potentially valuable method to determine the response of the
North Umpqua River to different management alternatives, how-
ever, there are potential obstacles to instream types of experimen-
tal manipulations owing to the Wild and Scenic designation of
the main stem and endangered species considerations. Laboratory
or streamside studies of algal productivity under different nutri-
ent regimes would help determine the status of nutrient limitation
(nitrogen or phosphorus) and the importance of alternative nutri-
ent sources (fixation and heterotrophy). Responses of the algal
community to nutrient inputs, and the effect of such inputs on the
food web, could be evaluated. Benthic recycling, nutrient spiral-
ing lengths, and nutrient uptake rates could be quantified to
examine the effects of nutrient inputs through ground water,
hyporheic zones, and within or through reservoirs.

Isotopes-Isotopes could be used to trace pathways of
nutrient movement and recycling in the North Umpqua River.
Ratios of naturally occurring isotopes of nitrogen and oxygen can
be used to determine sources of nutrients (Kendall and others,
1995),  particularly if the sources are isotopically distinct, such as
storm runoff, sewage (from septic systems near Toketee Lake,
Lemolo Lake recreational facilities, or from sewage lagoons near
Diamond Lake), fertilizers, and instream or reservoir sources.
There might be an exchange of water from Lake Creek or Dia-
mond Lake into the upper North Umpqua River above Lemolo
Lake (INLET) through volcanic rocks underlying the pumice flat.
Road building and logging could also contribute to the high nutri-
ent concentrations observed at INLET, the use of isotopes may
help discern the nutrient sources at this location. Isotopes of
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nitrogen and carbon can also be used to investigate algal produc-
tivity and nutrient uptake rates, cycling, and transfer to higher
trophic levels (Peterson and others, 1993) and could be com-
bined with other manipulations in selected reaches of the North
Umpqua River to examine effects of disturbance (Wooten  and
others, 1996) or food-web interactions.

Geomorphology

The effects of geomorphic structure in the North Umpqua
River Basin and potential changes from management of forests or
the hydroelectric system, and potential changes could be mani-
fested in effects on channel complexity, sedimentation rates, sed-
iment substrate size classes, riparian vegetation, and potential
influences of these aspects on pH through hyporheic processes.
Studies to define the original stream morphology and to map the
current streambed are currently underway as part of PacifiCorp’s
watershed analysis (PacifiCorp, 1997). Results of this study
could provide a context for discussions of the effects of changes
in the river’s physical structure resulting from forestry, road con-
struction, and the addition of reservoirs.

One of the questions that has received the most attention in
recent years is the effect of stream morphology, nutrient status,
and algal growth on pH in the North Umpqua River Basin. High
pH values (above 8.5) have been recorded throughout the basin
and appear to be associated with the low overall channel com-
plexity. The low alkalinities of streams in the basin (approxi-
mately 30 mg/L as CaC03)  contribute to the susceptibility of the
water to pH perturbations; however, alkalinity is the result of
mineral weathering in the soils and is not likely to increase in
response to human activities. Nonetheless, if hypotheses linking
streambed production and respiration (and their effects on pH)  to
channel morphology prove accurate, then the factors that contrib-
ute to high pH should theoretically be reversible. These factors
include shade reduction by removal of riparian vegetation, nutri-
ent inputs resulting from forestry practices, channel widening
resulting from scour and flooding induced by road building and
removal of LWD, loss of gravel resulting from channel simplifi-
cation, and reduction of delivery of terrestrial organic materials.
As a demonstration project, it would be instructive to attempt to
induce some of these changes, and likewise to attempt to reverse
the process, in selected areas. The effects on algal growth and
water quality (including pH)  could be measured over time as
channel integrity is restored. Demonstration of the cause and
reversal of these processes would be invaluable to timber and
water managers throughout the Pacific Northwest.

Reservoir Processing

The effect of reservoirs on water quality in the North
Umpqua River Basin is a question of great significance. As the
single most important factor regulating year round sediment
delivery, and summer flow to the Wild and Scenic reach, and,
most likely, water-quality characteristics such as summer water
temperature and nutrient concentrations in the Wild and Scenic
reach, the reservoirs undoubtedly have an effect on many aspects
of the river’s ecology in downstream areas (Ward and Stanford,
1983a). In all likelihood these effects extend from algal produc-

tion to invertebrate communities and, possibly, to both resident
and anadromous fishes. There are many ways in which the effects
of the reservoirs could continue to be evaluated. Only a few of
the possible studies relating to the impacts of reservoirs on down-
stream reaches are suggested here. These include examinations of
sedimentation in and sediment transport from the reservoirs,
pathways of nutrients entering and exiting the reservoirs, distri-
bution of CPOM and FPOM upstream and downstream from the
reservoirs, and the effects of the reservoirs on stream tempera-
ture. A comparison of benthic invertebrate functional communi-
ties upstream and downstream from the reservoirs would also be
valuable. This could be evaluated experimentally through the use
of litter bags or enclosures at selected locations to determine the
presence or absence of different feeding groups.

Primary Production and Algal Distribution

Algal production is a key focus of this report and is one of
the foremost issues facing water managers in the North Umpqua
River Basin. This study has reported the magnitude of algal bio-
mass and the community structure at selected locations, and
insights into the processes governing algal growth in the river
have been gained. The existing data set remains small, however,
and contains several findings that warrant further study. As with
stream chemistry, seasonal aspects of algal growth are largely
unknown. Information on successional patterns of algal growth
and rates of primary production are important for an understand-
ing of food-web processes. Additional spatial coverage of algal
measurements within the hydroproject area and other areas (such
as Little River or additional main-stem sites) would help to con-
firm or broaden the understanding of the effects of the reservoir
system and forestry on algal growth. Algal growth assays, using
waters from various locations, could be performed in a laboratory
to assess nutrient limitation and the importance of organic nitro-
gen. Enclosure or laboratory experiments could be used to mea-
sure the contributions of nitrogen fixation, or of periphyton/
grazer relations (such as the reported symbiotic relationship
between the blue-green alga Nostoc and Cricotopus chironomid
midge), to nutrient concentrations in streams. All of these, and
other potential studies, offer opportunities to gain an understand-
ing of the effects of both the reservoirs and forestry on algal
growth in the river.

Food-Web Dynamics

The ultimate success to any water-quality and ecological
studies in the North Umpqua River Basin will probably be mea-
sured by their ability to sustain, or preferably to strengthen,
native fish runs in the basin. Salmonid fishes, both anadromous
and resident, are dependent on a variety of food sources. The reg-
ulation of aquatic food webs (“top-down” or “bottom-up”;
Power, 1992b)  in the basin has not been addressed. The signifi-
cance of a possible shift in the nature of the aquatic food webs,
from those based on a mixture of organic detrital and algal forms
to those with a greater importance of algal biomass as the pri-
mary energy source and less dependence on detrital inputs, is not
known. An additional unknown is the effect that such a shift
might have on invertebrate herbivores or, ultimately, on fish in
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the system. The role of disturbance (flooding) and flow regula-
tion (Wooten and others, 1996) on algal and invertebrate commu-
nities, in bypass reaches as well as the Wild and Scenic reach, is
also integral to the understanding of food webs. Several of these
studies have been discussed (Mikeal Jones, U.S. Forest Service,
oral commun., 1996) or proposed (M. Power, University of Cali-
fornia - Berkeley, written commun., 1996) previously. The inte-
gration of food-web studies with additional nutrient or primary
productivity investigations would be particularly informative.

SUMMARY

This report describes the results of synoptic water-quality
and algal investigations at 36 stream sites in a 1,350-square-mile
area of the North Umpqua River Basin, including the Wild and
Scenic reach, the hydroproject area, and the Steamboat Creek and
Little River watersheds, during 1 week in July 1995. Data on
streamflow, nutrients, algae, sediment, water temperature, dis-
solved oxygen, pH, and alkalinity are interpreted to provide a
conceptual understanding of the aquatic ecology of the river
basin. Additional data collected during 1993 through 1995 by the
USGS and during 1992 through 1994 by PacifiCorp were used to
extend the temporal and spatial scales of the findings beyond
those of the July 1995 data; 1993 reconnaissance data on trace
elements and organic compounds in water and bed sediment also
are reviewed. Effects of land and water use, including forestry
and reservoir operations, on the Wild and Scenic reach are
inferred where sufficient data exist.

A mass-balance analysis of streamflow measurements in
the Wild and Scenic reach (river mile [RM] 69.2-35.7) indicated
that there were no major unmeasured water sources during July
1995, although ground-water input was a possibility in one reach.
Summer streamflow in the main stem, which was dominated by
releases from the hydroproject area, increased from 923 ft3/s
(cubic feet per second) at the Soda Springs powerhouse (RM
69.2) to approximately 1,280 ft3/s at the town of Glide. Inputs
from three major tributaries (Steamboat Creek, Rock Creek,
and the Little River) accounted for 243 of the additional 357 ft3/s
(68%) entering the river; measurement error (or possibly ground-
water input) accounted for the additional 114 ft3/s (approxi-
mately 10% difference between measured and estimated) in the
North Umpqua River from Steamboat Creek to Rock Creek.

Results of sampling for trace elements in water indicated
consistent, low concentrations of arsenic, barium, manganese,
and aluminum in filtered water from 1993 through 1995. Arsenic
concentrations (1 pg/L) were one-half of the U.S. EPA’s Risk
Specific Dose Health Advisory of 2 pg/L for drinking water.
Because water from the North Umpqua River is used as a drink-
ing-water source by some people, the detected arsenic concentra-
tions are potentially important. Aluminum concentrations in
filtered water were much higher at high flow, possibly because
some aluminum may have been contained in suspended colloidal
material. Other trace elements detected in filtered water at high
flow were copper and nickel, both at low concentrations. Bed-
sediment concentrations of arsenic, chromium, copper, manga-
nese and nickel were approximately double the sediment-quality
criteria adopted by New York State and by the Ontario Ministry

of the Environment. Bed-sediment samples also had relatively
high concentrations of phosphorus compared with values in data
bases of trace-element concentrations in streambed sediments
and in soils, a result that is in agreement with previous reports
that the volcanic soils of the Western Cascades are rich in phos-
phorus. Arsenic concentrations in bed sediments were moder-
ately high compared with values in available data bases. No
synthetic organic compounds were detected in either water
(at high or low flow) or bed sediments.

Inorganic and ammonium nitrogen concentrations were
undetectable (less than 5 pg/L)  at almost all locations during
1995, whereas soluble reactive phosphorus (SRP) was plentiful
(median concentration greater than 20 pg/L at main-stem and
hydroproject area sites), indicating strong nitrogen limitation
throughout most of the basin. Organic nitrogen concentrations
were also near or below the minimum reporting level (200 pg/L);
however, they were estimated to be highest at sites downstream
from impoundments on the basis of qualitative, uncensored labo-
ratory data. As was the case for streamflow, water released from
Soda Springs Reservoir was the major source of phosphorus to
the Wild and Scenic reach. Periphytic algal uptake (rather than
dilution) appeared to be the cause of reductions of phosphorus
concentrations in the Wild and Scenic reach. Because nitrogen
could not be measured in the water column despite sometimes
prolific algal growth, it is inferred that benthic uptake and rapid
recycling of incoming nitrogen mask the true nitrogen transport
in the river system. Alternative sources of nitrogen such as fixa-
tion and utilization of organic forms by algae may help maintain
“nuisance” amounts of periphyton growth, despite the absence of
measurable water-column nitrogen. A possible source of sewage
to Toketee Lake could help explain high nutrient concentrations
and algal assemblages observed downstream from the lake.

Daily maximum water temperatures during July 1995 were
higher than 13OC  (55’F),  the upper limit of the optimal tempera-
ture range for steelhead, along the entire Wild and Scenic reach
of the main stem downstream to Glide. Flow from the Soda
Springs Reservoir was the primary factor determining stream
temperatures at main-stem sites in the Wild and Scenic reach, and
die1  temperature changes were small (less than 1 ‘C).  Maximum
temperatures in Steamboat Creek, an important tributary for
steelhead spawning, were the highest measured during the study
(22.S°C), but temperatures at sites in the main stem downstream
from Steamboat Creek and in Little River also approached 20°C.
The highest temperatures in the hydroproject area (18’C)  were
recorded upstream from Lemolo Lake at the mouth of Lake
Creek, which was also the location of the largest die1  temperature
change (SOC)  as recorded by PacifiCorp’s  instream, hourly moni-
tors (PacifiCorp, 1995b).  The lowest temperatures were recorded
at the mouth of the upper North Umpqua River upstream from
Lemolo Lake (INLET) and in the Clearwater River upstream
from Stump Lake (4.5’C and 4.0°C,  respectively), both of which
are apparently strongly affected by ground water (PacifiCorp,
1995b).

For the most part, dissolved-oxygen concentration (DO) was
controlled by water temperature and physical reaeration more
than by primary production. The only sites at which the DO con-
centrations were lower than the State of Oregon standard in effect
during 1995 (95% saturation) were Steamboat Creek above Big
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Bend Creek, Lake Creek at the mouth, and the North Umpqua comprising 4% of the taxa.  Blue-green algae were most abundant
River above Copeland Creek. In many locations, DO concentra- at main-stem sites and at the mouth of Steamboat Creek, and
tions were higher in the morning and lower in the afternoon as a were observed at all sites except below Toketee and Lemolo
result of die1  stream warming. Water entering the Wild and Sce- Lakes. Many of the blue-green taxa observed have the ability to
nit reach was strongly aerated by the violent turbulence in the fix nitrogen. In addition./cwo  diatom genera in the family Epi-
tailrace of the Soda Springs powerhouse such that minimum DO themiaceae, which contains blue-green algae that live inside the
saturation was 109 percent. The high stream gradient and fre- host cells symbiotically, were abundant at six sites. This endo-
quent riffles maintain physical reaeration throughout the Wild symbiont has been shown to fix nitrogen. The abundance of
and Scenic reach. Reaeration appeared to be especially dominant blue-green algae and the diatoms with nitrogen fixing inclusions
in tailraces below powerhouses--minimum saturation below the is further evidence of nitrogen limitation in several parts of the
Lemolo No. 2 powerhouse was 98 percent despite prolific periph- river.
yton growth at that site.

Periphyton growth had a more pronounced effect on pH than
Classification of diatoms into autecological guilds that are

on DO, possibly because alkalinity in the river is relatively low
reflective of water-quality conditions indicated that, among all

(approximately 30 mg/L as CaCO$.  Daily maximum pH
sites sampled, alkaliphilic taxa (preferring pH greater than 7)

exceeded the State of Oregon Standard of 8.5 pH units at one
nitrogen-fixing taxa,  and eutrophic taxa (indicative of organic

main-stem site (the North Umpqua River near Glide), two tribu-
and nutrient enrichment) were the most abundant on the basis of

tary sites below the hydroproject area (Steamboat Creek near the
biovolume and density. The remainder of the diatoms comprised

Mouth and the Little River above Wolf Creek), and one site in the
cold-water taxa (preferring water temperatures less than 15’C),

hydroproject area (North Umpqua full-flow reach below the nitrogen heterotrophs (which have the ability to use organic

Lemolo No. 2 powerhouse). Water at several sites also had a nitrogen as a source of both nitrogen and energy), and olig-

maximum pH of 8.4, and may have exceeded 8.5 on other days or atrophic taxa. Biovolumes of nitrogen-fixing species (including

at other times than the sampling occurred. A die1  change of 1.2 both heterocystous blue greens and epithemiacean diatoms) were

pH units was recorded in the full-flow reach below the Lemolo highest at four main-stem sites (downstream from the Soda

No. 2 powerhouse, whereas the die1  changes in the Wild and Sce- Springs powerhouse, at the Copeland gage, downstream from

nit reach increased from 0.4 to 0.8 pH units from the Soda Steamboat Creek, and at the fixed site upstream from Rock

Springs powerhouse to Rock Creek. Creek) and at both sites in Steamboat Creek, but were less abun-

Data from an hourly monitor located upstream from Rock
dant at the hydroproject area sites (downstream from Lemolo and

Creek, at the terminus of the Wild and Scenic reach, indicated
Toketee Lakes) and tributaries upstream from Lemolo Lake. The

that conditions the week of the synoptic survey during July 1995
sites downstream from Lemolo and Toketee Lakes had large
amounts of eutrophic taxa, which were also prevalent at Steam-

were a good approximation of worst-case conditions for all of
1995. Water temperature, DO concentration, and pH were near

boat Creek upstream from Big Bend Creek and at the inflow to

their maximum, minimum, and maximum daily values for the
Lemolo Lake on the upper North Umpqua River. Nitrogen het-

season, respectively. Furthermore, comparison of the monitor
erotrophs were also abundant downstream from reservoirs

record with cross-sectional data collected at the fixed water-sam-
(downstream from Lemolo and Toketee Lakes). Alkaliphilic taxa

ple collection site located 0.2 miles upstream indicated that mea-
were most significant in the North Umpqua River upstream from

surements from the monitor were within 0.5OC  and 0.2 pH units
and downstream from Lemolo Lake, downstream from Toketee
Lake, downstream from Soda Springs powerhouse, and in Steam-

in all nine cases (spanning the range of flow and temperature con-
ditions) available for comparison between 1993 and 1995. Differ-

boat Creek upstream from Big Bend Creek; however, only at
Lake Creek were alkaliphilic taxa less than 27% of theences in DO concentrations between the two sites were within

0.7 mg/L in all seven cases where comparisons could be made, biovolume.

despite the two large riffles located between the fixed site and the In general, the periphyton communities observed in this
monitor location. Much of the monitor record was missing, how- study are characteristic of those found in alkaline waters with
ever, from 1993 through 1995 because of mechanical difficulties moderate to nuisance-level nutrient enrichment. Results of analy-
associated with sediment clogging of water pumps used by the ses using two multivariate methods (TWINSPAN and CCA) and
monitor. the autecological guild approach indicate that algal communities

Results of algal investigations indicated that periphyton bio- at the hydroproject sites are distinct from those at the main-stem
mass and biovolume were highest at sites located directly down- and Steamboat Creek sites. Algal communities at the hydro-
stream from reservoirs, but that biomass at main-stem sites was project sites were primarily composed of eutrophic taxa,  nitrogen
higher than expected for such a low-nutrient river. Periphyton heterotrophic taxa,  and filamentous green algae, whereas the
chlorophyll a correlated well with SRP concentrations, a finding main-stem and Steamboat Creek sites had a high abundance
that is contrary to the apparent nitrogen limitation of the river. of nitrogen-fixing taxa, and were indicative of warmer water
This correlation may, however, be a statistical artifact caused by temperatures, higher pH values, selective grazing by herbivores,
the large algal growths at hydroproject affected sites, where con- and lack of scouring high flows. The development of significant
centrations of phosphorus were highest. A total of 99 algal taxa grazer-resistant blue-green algal populations in the Wild and
from 5 Divisions were identified in samples from the 10 sampling Scenic reach and Steamboat Creek has potential implications
locations. More than 90% of the algal taxa identified among all for food webs in the river; however, these relations have not
sites were diatoms, with blue-green algae and green algae each been examined.
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On the basis of data and information from the literature pre-
sented in this report, a conceptual model describing water quality
and stream ecology of the river is proposed. Algal-community
and water-quality data indicate that the hydroproject located in
the headwaters of the North Umpqua River, with its eight struc-
tural developments (diversion dams, powerhouses, and impound-
ments) and 37.3 miles of waterways and penstocks, has a major
impact on the water quality and ecological functioning of the
river. In effect, the reservoirs appear to interfere with the natural
gradient of physical processes (Ward and Stanford, 1983a;Van-
note and others, 1980) of the river. Downstream transport of sed-
iments and organic matter is interrupted, and these materials are
probably deposited in the reservoirs. Microbial and algal process-
ing of both organic and inorganic matter are most likely occur-
ring in both the sediments and the water column of the reservoirs,
decreasing the ratio of coarse- to fine-grained particulate organic
matter in the reservoir releases. Changes in the flow regime, the
frequency of disturbance, and the sediment and scour processes
associated with them have possibly changed the prevalence of
various invertebrate functional feeding groups (Wooten  and oth-
ers, 1996). Furthermore, these processes could have timdamen-
tally shifted the base of food webs downstream from the
reservoirs, increasing the importance of benthic algae as a food
source for aquatic invertebrates and changing the types of food
available to higher trophic levels such as fish.

Forestry practices also could have contributed to these
changes; however, from the data collected in this study, their
effects are not as evident as those of the hydropower project.
Possible effects from forestry practices in the North Umpqua
River include changes in magnitude and timing of streamflow,
decreases in channel complexity, increases in nutrient inputs,
reductions in riparian cover and riparian contributions of organic
matter to streams, and increases in stream temperature. Some of
these effects are evident in the Steamboat Creek and Little River
watersheds, which are unaffected by hydroproject operations but
are heavily managed for timber.

This conceptual model could be modified or potentially veri-
fied by additional data collection and analyses. Results of such
studies could allow more effective management of the resources
in the North Umpqua River Basin.
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Appendix D. Nutrient concentrations from sites in the North Umpqua River Basin, Oregon, sampled by
PacifiCorp during July 1995

Table Dl. Water-quality data collected by PacifiCorp in the North Umpqua River Basin, Oregon, July 1995
[All concentrations reported are from filtered-water samples, except total Kjeldahl nitrogen (TKN) and total phosphorus (TP), which are from
unfiltered and digested samples; pg/L, micrograms per liter; mg/L, milligrams per liter; <, less than]

LEMIT 92.9 01125195  <l <5 200 IO 7O 38 1.3 32.7 25.5

LEM2B 71.3 07/25/95 <1 <5 1,600 <IO 40 32 4.9 24. I 33.9

LEM2FF 77. I 07/25/95 <I <S <200 Cl0 50 27 I.1 23.3 25.8

C L R A S 86.5 01125/95 I <5 <200 IO 100 70 1.0 38.0 31.0

CLR2B 15.4 07125195 <1 <5 <200 <IO 80 55 .7 35.5 30.1

FISHA 78.4 07125195 < 1 <5 380 Cl0 30 17 .3 19.2 26.5

FISHB 71.8 07125195 <1 <5 <200 <lo 4 0 15 .3 22.1 26.8

7 0


















